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Abstract 

This paperxdescfibes and demonstrates an analysis process which uses 
hierarchy constfuctloh procedures. Ihese procedures are used, to 
•"l^lyz^ i^dividualiz Science program. In the hierarchy construc- 
tion process, the instructional materials are the input data. Separate 
concept, content, and skiiranalyses are performed across all levels 
of the course materials and hierarchies of instructional objectives are 
structured. The final product is a blueprint of the curriculum reveal- 
ing theunderlying design model. The developers' claims are examined 
in light cfithe evidence revealed through the analysis procedures. 
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A CURRICULUM ANALYSIS OF INDIVIDUALIZED SCIENCE 



Doris Gow 

Learning Research and Development Center 

Univer sity of Pittsburgh r 

* Introduction 

Ohe impprtant aspect of :a curriculum evaluation is a careful, sys- 
tematic ana lysis of the curriculum materials; Curriculum analysis is 
of value for curriculum evaluation because^it facilitates comprehension, 
of a curriculum* s goals, structure, and instructional strategies. It can 
help tp^answer certain key questions that eyaluators normally ask about 
a curriculum and,, in addition^ can bring torlig^t some questions about 
the curriculum that evaluators ought to ask. This paper describes ahdU 
demonstrates such an evaluation of the Individualized S;,iencje (IS) pro- . 
gram (Champagne & Klopfer, 1974) developed at the Learning Research 
and. Development Center of the University of Pittsburgh. 

, Scriven-(l 967) has termed analysis /evaluation of curriculum 
materials "intrinsic evaluation'* and has pointed oiit that it is often not 
done^^becatise of^the difficulty of tl^e process. Although various proce- 
dures for carrying out curriculum analysis (intrinsic evaluation) have ' 
been-proposed (e.g. , Eash, 1974; Morrisett, Stevens, & Woodley, 1969; 
Tyler, Klein, & Michael, 1971), none of these procedures is fully ade- 
quate.for analyzing the sophisticated curricula that contemporary in- 
structional technology is capable of producing. Many, curricula today 
are highly complex, multifaceted, carefully integrated instructional 
^ packages. In order to fully understand how these complex packages try 
toiachieve their goals, curriculum analysis is essential. The hierarchy 
construction process (Gow, Note 1 ) demonstrated in the present study 
of IS is useful for this purpose. 
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In the hierarchy construction process, the instructional materials 
of the curriculum are the input data for analysis. Hierarchies of cur» 
riculum objectives <are constructed- to show how the. materials build 
^ instruction rt9ward attainment of the curriculum's goals. The completed 
hierarchies sefye as^evidence to support the conclusions of the analysis. 
In addition, the process of constructing hierarchies often reveals features 
oMhe curriculum that are otherwise hot readily apparent. U a curricu- 
lum does or does not attain its goals, how it succeeded or how it failed 
are-equaily important questions for evaluators. The hierarchy construc- 
tion process. is a new topi that the curriculum evaluatnr can use in seek- 
ing ahswers. to. these questions, 

.Gohstructihg hierarchies of instructional objectives is not new. 
Curriculum designers often construct such hierarchies (e. g._, Gagne^ 
1968; Resjijck, 1973, 1976). ^ The p^ocess is essentially, tht^ same.fqr — 
design and analysis. In the^design process, an instructional model may . 
lead- to- the structuring of instructional materials that enable the student 
to attain the objectives. In the. analysis .process^ the- in s^ructional- ma^ 
te^riais are analyzed to-identify the specified or implied objectives, the ^ 
inferred injstructipnal hierarchies are constructed, and the instructional 
— TTTOfdel is reconstructed. The two processes may be diagrammed as 
follows: 



^Not all hierarchies are constructed^by the same rules. For exam- 
ple, a hierarchy generated logically frpm an analysis of a concept accord- 
ing^ to the structure of the subject matter discipline will differ from a 
hierarchy generated from an. analysis of that concept. based on psychologi- 
cal principles of concept development. Gagn^'s hierarchies are essen- 
tially psychological. The hierarchy construction process used in this 
study attends not only to psychological sequences, but to the logical- struc- 
tures of the*;5ubject matter discipline and pedagogical sequences as well. 
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Sometimes instructional objectives and hierarchies have not been speci- 
fied in the original design of a. curriculum. However, whether they were 
specified or hot, objectives and some structural organization exist in 
any formal instructional situation, and these are what the analysis 
" processrsecks to uncover. 

The hierarchy construction process used in this study attends to 
conceptual structure of the subject matter, skill level, subject matter 
^ content^ and affective and cognitive goals. The resulting hierarchies 
display- how -the curriculum attempts to attain its goals and show the 
interrelationships among the curriculum's goals and objectives. They 
help the analyst to pinpoint structural strengths or weaknesses and also 
gaps or inconsistencies, if any exist. A by-product of the careful analy- 
sis of curriculum materials is the identification of instructional strate- 

gies used in the materials and of essential elements of the curriculum's 

' - - 2 ' 

' management system. Regularities in the use^of strategies and other 

patterns otdesign characteristics make explicit the instructional model 

on which the curriculum is based. In addition, the curriculum analysis 

process may raise significant questions that can be addressed by means 

of; other forms of curriculum!^evaluation. 

The Hierarchy Construction Process 

As already mentioned, hierarchy construction in curriculum analy- 
sis uses the instructional materials of the curriculum as input data for 



The management system is that part of the curricultmi that defines 
how an individual student's progress through the curriculum. is managed. 
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the analysis, Hiese data are supplemented by training materials pre- 
pared.for teachers and by the curriculurn developer's own descriptions 
of the materials, when they exist,^. The physical product of the analysis 
is a series of hierarchy charts that present an organized^ comprehensive 
view bf tne' curriculum* In this section, the kinds o( materials and some 
general considerations in the^hierarchy construction process are dis- 
*cussedi ^ ^ 

/ 

The primary n\ate rials that are used in the analysis are student 
instructional maiterials, including both printed and other media materi- 
als. For a curriculum that does not have explicitly stated objectives, 
the student materials are the main source of information about what 
content, concepts, and skills the curriciilum is seeking to teach. In 
this context, content is viewed as information,, events, and data at the 
knowledge level of the Taxonomy of Educational _Objectives, Handbook I; 

Cognitive Domain (Bloom, 1956). Concepts are those salient ideas asso- 

— - — ---fc * 

ciated with a particular discipline from which the structure of the dis** 
cipline is-forrhed. Ski^lls include not only intellectual skills, which 
are called "behaviors" in the 'Bloom Taxonomy , but also any manual 
skills and learning management skills Uiat are part of the curriculum's 
instruction. The presentation of content and the development of con^ 
cepts cxnd -skills that constitute the student instructional materials of- a 
curriculum become the source of information about the curriculum's 
content, concept, and skill objectives in the absence of- explicitly stated 
objectives. . 

To supplement the examination of the student materials, the 
teacher's manuals or guides are examined. ITiese usually are more or 
less explicit about the content, concepts, and skills the curriculum 



3 * 
The concepts of a discipline involve both knowledge and process. 

Those concepts of the discipline that the curriculum seeks to teach may 

be identified by performing a concept analysis (see Gow, Note 2). 



seeks^to teach, even when- specific objectives are not stated* The 
teacher's manuals also are a good source of information about the atti- 
tudes and values the curriculum. is seeking to promote. Some cur ricu- 
:lun\^rhanagement system artifacts which should not be overlooked are 
the student record forms, teacher planning forms, activity^ outlines, 
tests, and answ.er keys. These components of the rnahagempnt system 
may support or may fail to support the curriculum' ^^expr^ssed or im- 
plied objectives* ' c 

For a curriculum that. has explicitly stated objectives, examiha- 
dori '^of the 'student^mate rials is necessary to flesh Put the curriculum 
modeiiih terms of the instructional strategies. that are utilized and to 
reveajrimplied objectives. Some rich curricula probably teach more - 
than they test.fbr or express as objectives. Consequently, if af skill is 
taught and practiced, it may be assumed that skill is an objective of- the 
curriculum, whether or not it has been expressed as being one. Simi- 
larly, if^a concept is introduced with multiple examples, it may be 
assumed' that the concept is an objective. On the other hand, content, 
facts, andasolated examples of concepts may well not be objectives to 
be learned if they are hot explicitly listed as such. The curriculum's 
objectives usually are listed in the teacher's manuals, and such lists 
may be used directly as input for the curriculum analysis. In addition, 
ifiatching the objectives. in the teacher's manuals with the student mater- 
ial s^will reveal implied objectives that also must be included in the hier- 
archy-constructed. 

Other-lmpol*tant sources: of Input data for the analysis are the 
rationales and occasional reflections- written by the curriculum developer (s). 
These rhay be found in professional journal articles describing the cur- 
riculum, in advertising materials, or in teacher's manuals. Usually, 
rationales embody the curriculum goals and describe the philosophy of 
the developer. These are useful clues to the curriculum's theoretical 



underpinnings. 
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Process-Individualized .Curriculum Model 



The hie^rarchy construction process employs the Process Indi- 
vidualized Curriculum (PiC). model (see Gow, Note 2). Th^ procedures' 
of the PI Qmodel require prestructuring concepts, content, and skills 
separately before merging the three structures into one hierarchy. In 
constructing this hierarchy, the .logicaLprder of content and. concepts, 
tKe sequence of elements of the subject matter structure (concepts , prih-* 
ciples, generalizations, and constructs)^ and the taxonomy levels of 
skills-or attitudes are considered. ^ 

The content structure of most curricula is the easiest element to 
identify. However, for a curriculum that explicitly, emphasizes concepts, 
the concept structure is more readily identified. Hie specific content 
instances may not be crucial for a concept- structured curriculum. What 
is important is the range of these instances and the number of relevant 
and irrelevant attributes (Klausmeier,& Hj^oper, 1974); For any cur- 
riculum, the concept structure should be identified and th*e content in - 
stances should be charted to display their jfunction in concept acquisition. 
The evaluator who uses the hierarchy construction process can bo confi- 
dent, that the hierarchies produced reflect the structure of the actual cur- 
riculum, whether or not it matches the designer's intent. The curricu- 
lum materials reflect the decision made by the designer in selecting 
frbni among alter native structures, and theyare the evidence that limits 
the range of, -possible interpretations when an existing curriculum, is ana- 
lyzed. *» 



Hie use of the PlC^mpdel to construct hierarchies. for curriculum 
analysis and evaluation is especially appropriate for individualized cur- 
ricula.- However, any formal instruction may be expected to have objec- 
tives build on one another as instruction proceeds. Both the objectives 
and the structure may be implicit rather than explicit, but they exist 
ahd-cah be charted. 



Using the PIC model for analysis of a curriculum involves a num- 
bcr of stcpsV 

First, content^ concept, and skill analyses are carried out and 
then combined^to structure an instructional hierarchy* Some curricula 
may. specify objectives and present already structured hierarchies* 
-These are matched to materials, observing any discrepancies that exis^ 
between: spec if iedv objectives and the materials, designed to teach those 
objectives; For curricula that do not have specified objectives and/or 
hierarchies^ the .mater ials.a re-examined and the objectives inferred and 
structured; After this initial analysis is completed* the broad inclusive 
concepts of the discipline are organised according to levels (grades or 
units in _a single curriculum) and the hierarchical sequence of. the sub- 
concepts^ :principles, generalizations, and constructs determined* Ihe 
cpntentiinsiances^are then analyzed and placed under the^appropriate 
level the concepts of whi^ Finally, the skills 

are merged with concept and content instances to define, in behavioral 
terms,, the^ impl ie d ob j e cti v e s . 

The second step of the process is the identification of instructional 
strategies*" The identification of instructional strategies can be simply 
aminventory to define the instructional model more clearly* In this step, 
strategics which might be particularly appropriate for certain kinds pf 
instructioniand have been neglected (e* g* , modeling. for psychomotor 
skills, advancc-orgahizers for learning from reading, etc. ) are identic 
fied. Special attention is given to concept acquisition strategies* The 
icind and- range of examples of each concept (content instances) and their 
relevant and irrelevant attributes are noted* Failure to learn a concept 
may result from- a defect in the instances encountered in instruction. 
Ihe range of. content. instances is readily apparent from observation of 
the hierarchy- 
Third, the instructional model is described* Specified or inferred 
goals and objectives are Identified and their interrelationships determined* 



This description is based on the information obtained from the initial, 
analysis of the content, concepts, and skills of. the curriculum. Then, 
the principles of instruction used in the curriculum materials^ man- 
agement system^ and teacher training materials are desc/ibed-based 
on inforixiation obtained when the instructional strategies were identi- 
fied, 

Th«'fqurth step.in the PIC model for curriculum analysis inyplves 
Uie>ident|fication of compphents of the curriculum that seem to. suggest 
:£e rtile^ fields -for further. in\e8tigatiou« For examples of such ques-^ 
tioni raised'in the analysis of IS, see page SZ* 

Hie ra^chyXon stru c {ion ^ 
\ 

In constructing tlie hierarchies, separate charts are built for the. 
cognitive and- affective dorh^ins and for other elements of the curriculuni 
that:repfesent separate /expressed or ImpUed goals. The levels at which 
objectives: are- charted depend upon the instructional sequence (if one is 
prescribed),, the taxonomy level, the level of-abstractness, -and the con- 
cept 4evel. 

Thj element s- of a. typical hierarc. / are identified in Figure a. 
The: lines that connect objectives vertically represent dependency relar 
tionshtps. Horizpntal lines connect separate elements that lead and= con- 
tribute to a common objective, but that are not dependent oh each other. 
The branches of a hierarchy^ generally represent different phenomena 
towards which the student's behavior is directed. They also may reprer 
sent separate content of. particular elements of a goal that make distinc- 
'ive demands upon the student. (For examples, see Appendix A, 
Exhibits 1 and Z, pages 42-43.) The process of analysis requires that \^ 
the analyst identify and categorize distinctive features of s'^cl^emands. 

In-preparing hierarchies analyzing curricula with specif ied goals 
and objectives, it is. noted when the wording of expressed objectives is 
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9 ^ 




Subterminal obfectives: 


Distinctive eiernents of 


terminal behavior ' 






8* 




Instructional objectives 










7 




Instructional qbjectiv&s 




> 



^9 



clianged by the. analyst or when two or more objectives are combined. 
It is. also noted if' i;ewording changes the meaning or emphasis of an 
objective, if an objective is added to represent a learning experience 
for whic^there is no expressed. objective, or if an objective is added 
fo represent ah untaught objective prerequisite to a specified objective- 
For curricula-that do not have expressed objectives, it is simpler to 
note those go^ls and objectives stated by the developer instead -of those 
inferred.of added. In either case, ^it is important that a clear differentia 
tion be made between the developer's words and expressed intent and the 
analy s t * s word s and iiif e r e nc e s > 

* Analysis of .Individualized. Science 

Individualized Science (IS) is a comprehensive elementary school 
science program designed for students in gradea 1 through 8. Hie IS 
program has been described by its developers as "a science curriculum 
closely-integrated with an individualized learning management system" 
(Champagne & Klopfer, Note 3, p. 2). The overall plan for IS inciudes 
seven level's of Ihst motional material, each level providing approximately 
one school year's work in science. Only the first five leyels of IS, Levels 
-A'thrbugh E, are considered in the present analysis. 

JS is a very complex^curriculum, offering many different kinds of 
learning experiences ^ind a variety of paths to mastery of its goals. Hier 
afchieS'Were not constructed during the development of the curriculum 
but the developers, Drs. Audrey Champagne and Leopold Klopfer, used 
two organizational schemes to identify affective and cognitive levels and 
structure the phenomena and content of science. Summary charts of 
these two schemas arc included in Appendix A, Exhibits 1 ^d Z, pages 
42-43. ^'The affechve schema makes use of the categories of student 
behavior from the Taxonomy, of Educational Objectives> ^Handbook U :, 
Affective: bomaiA (Krathwohl, Bloom, & Masia, ,1964) and applies these 
to the phenomena that are of interest to science education (see Klopfef, 



Note 4), The cognitive schema is based, in part,, on Bloom's (1956) 
cognitive taxonomy^ but this has been modified to be science- specific 
and'expanded to include the processes of scientific inquiry (see Klopfer, 
H9.71a, 1971b), The two schemas used in developing IS may be viewed 
as providing: a^ structure for the science curriculum. Tliis structure ^ 
also rprovided one of the dimensions for .the hierarchy construction 
processi 

Among the IS curriculum materials examined in the analysis were 
individual Lies sons (IL), Planning Booklets » Men and Ideas Filmstrips 
(Mfkl), Student Activities (SA), Miniature Explorations (MinEx), Invita- 
tions to 'Explore (iTE), Science Learning Games (SLG), Self -Initiated 
independent Activities (SUA), Directed Group Activities (DGA), Reading 
infScicnce-(RIS), content guides and answer keys to the units, student 
sciehcembtebogke, and teacheir*s manuals. Examples of a learning 
re source chart, a. content guide to units, an individual lesson booklet, 
and a MinEx are in Appendix A» pages 59-60. The* teacher's manuals 
(excerpts in Appendix A» pages 61-64). were the most useful data- source 
because^ they clearly set the tone of. the program and contain a wealth of 
directions. and suggestions for the teacher that could be examined for 
consistency with_ program goals. The writings of the developers were 
helpful in identify/ng their .intentions, their claims for IS, and the kinds 
ofiforrnative evaluation questions they had sought to answer i 

The goals of IS are stated as follows: 

1, Scientific literacy goal ; The student acquires a founda- 
tiohiof scientific literacy, , 

Zi Student self-direction goal; The student views the learn- 

ingrprocess as primarily, self -directed and self -initiated. ^ 

3, Student c 6 -"evaluation goal ; Ilie student plays a major ^ 
-role in evaluating the quality, extent, and rapidity of 
his learning. 

, 4, Affective: goal ; The student displays informed attitudes 
toward his study . of science, scientific inquiry, .and the 
scientific enterprise, , 



5. Inquiry goal ; The student becomes skillful in using the 
processes of scientific inquiry and is able to carry out 
inquiries. (Champagne & Klopfex;, Note 3, pp. 7-8) 

Tl\erinterrelation ships between the-five goals and their subgoals 
were charted in^an overview (see Appendix B, Chart s, page 66 ). This 
chart<"is riot hierarchical. Self-direction and co- evaluation goals ap|>ear 
it.thc bottom because diey are the foundation for the kind of learning 
experience-that is tiie heart of IS. Inquiry and. attitudes towards inquiry 
follow because they encompass the processes and mptivation necessary 
for, arid involved in, the pursu^* of the cognitive g pals of the program. 
Finally ,, at tiie^top are the scientific literacy and affective goals which 
build^ori self -dire ctiori, co- evaluation, inquiry processes, and. attitudes 
towafd^inquiry." The arrows are intended to show that the relative prog- 
ress along air five dimensions probably-would vaf y from student to stu- 
dent arid probably would not-follow a step-by- step progression. 

* In rnahy turricula, affective, inquiry, and self-managemeat and\ 
evaluation goals often are less well defined, planned, and executed than 
are more traditional cognitive gosds. For this^ reason^ and because 
thcy^ gave promise of revealing some. of the distinctive^features of IS, the 
prog rarin's affective, inquiry, self -direction, and co-evaluahon goals 
were arialyzed-before the scientific literacy goal. 

Self-J^irectibn-ahd Co -Evaluation 

The self-direction an4 tiie co-evaluation goals are charted as sepa- 
rate hierarchies (see Apperidix B, Charts 2 and 3, pages 68 -70), These 
goals were cqnstructied with objectives front each of the five IS levels 
being analyzed and were charted consecutively from the bottom of the 
hierarchy to the top. Behaviors indicating progress are expressed in 
terms of tasks performed and are charted at the IS leyel at which they 
are introduced. 
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The lour immediate subgoals to the seLC-diredtion goal were 
selected because-they represent the four separate categories of 
tasks the student performsr in pursuit of the terminal capability. 
Two of these are expressed by £he developers: a long- range plan 
for the student's own learning, and selection and utilization of suit- 
able instructi6nal;materials. Two .were introduced here by therana- 
iyst because the demands of two diffe^rent categories of capability 
we're identified among the curriculum tasks.. One type of task 
demands willingness to revise plans based on appropriate evidence; 
another type requires individual responpibility for use of human 
resources to attain instructional goals. This interjection of two 
subgoals is an example of how curriculum structure^ is made more 
evident through^the analysis process. 

The two immediate subgoals for co-eyaluation summarize 
the two major catcgories'of behavior involved: first, neU-evaluatioi 
second, discussion and co-evaluation with the teacher. In both of 
these catcgories, where analysis suggested addition of a subgoal 
immediately/t>e heath the terminal goal and formation of a branch 
in-the hie».2irchy, the objectives demand different types of behavior. 

The student- self-direction and co-evaluation goals require 
coordihation of.student planning sheets and booklets, teacher plan- 
hing forms, teacher directions i outlines of unit activities grouped 
by topiciJ, answer keys, etc. In the teacher's manuals, the teacher- 
is reminded repeatedly to discuss the students' prpgress with them 
individually and to ask students to evaluate their performance and 
progress, in short, the two goals that "the student should view ' 
the learning process as primarily self -directed and self-initiated" 
and that "the student should play a major role in evaluating the 
quality, extent, and rapidity of his learning" are supported by ail 



elcmcnts of the management system, and this support is reflected 
-in^thc charted-objectives#^ 

The concept of mastery with rospect-to the student self- 
direction ahd co-evaluation .goal s. is relative, rathe r than absolute. 
The developers' publications (e.g., Klopfer, Note 5) give clues to 
the essential differences between the usual definition of mastery , 
and: the sense in which it is used for these goals.. Self -direction is 
aimed -at-stud en t "development into a corhpe tent and confident inde - 
pehdeht-leii^ner. *' Co -evaluation asifumes " continually increasing 
responsibility" for judging how well the student performs in learning 
new information, ideas, arid procedures. Levels of competency ;at 
ahy-IS level will vary among individuals. This is an aspect of the s 

curriculum, that the hierarchy construction. process has highlighted^! 

- - _ ' - \ ~f~ 

Note, for example^ the repeated use of the phrase,, the student "is^ 

A " *^ 

progressing" in the statement of IS competencies. Each specified 
objective in all of .these hierarchies represents a milestone, or behav 
ioral evidence ol progress towards the terminal goal. 



|^e case of IS; the. specified objectives clue the curriculum 
analyst tolthc need to check for consistency. This, might not be so in 
every curriculum. If IS did not have a specif ied self -management 
.goal, explicitly stated, examination of the management system, stu- 
^(dcht directions, and directions to teachers in the teacher's manuals 
would have shown selfrmanagement to be an implied goal and would 
have made clear the implied objectives, \yhich could then be struc- 
tured hierarchically. 

^The terminology used by the analyst and the developers of IS 
to describe different levels of behavioral outcomes for a curriculum 
differ. IS developers use the terms goals, competencies, and obj'ec- 
tivesi Thusi they have analyzed each goal of IS into level competen- 
cies. Ih mdst cases, competencies are analyzed further into objec- 
tives. The analyst uses goals, subgoals, and objectives. 
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Affect^ and ^Inquiry 

The affective goal has been structured into separate hierarchies 
for each.of the;Tour subgoals: attitude towards science learning experi- 
ences, attitude towards science and scientists, attitude towards scien- 
tific inquiry, and atatude towards inquiry as a way of thought (see Appen- 
dix B, Charts 4U6 8, pages 71-77), The rational<SJor this is that 
attitude srare felt, expressed,, and observed towards each phenomenon 
separately. ' « Similarly, it was nece'ssary to construct separate hier-. 
archies for- each of two subgoals of the inquiry goal because one facet 
of the goal relates to the processes of scientific inquiry, the other to, 
the/ability^to carry out inquiries (see Appendix B, Charts 9 to J 1, pages 

l,ike the student self-direction and co-evaluation goals, the affec- 
tive^and inquiry goals are conceived as goals toward which the student 
is^expected to move. Again, a relative cpncept of mastery is evident. 
The. affective goal- aims at helping the student to develop attitudes, to 
learn to value science for its contributions' to man's intellectual growth 
and- to society, to. enjoy his or be^ learning experience in science, and 
to develop ah informed attitude towards scientific inquiry. Ihe inquiry 
goal aims at helping the student to become skillful in the processes of 
scientific itjquiry- and in carrying out inquiries. 



7 - * 

For each terminal subgoal of the affective goal, the hierarchies 
are cbnstructed-with each of the IS levels, A tlirough E, charted coti- 
secutively from the bottom to the top of the hierarchy. The code outside 
the box refers to the affective level of each objective according to Klop- 
fer's structure of the affective domain for Individualized Science (Ex- 
hibit 1, page 42), 

^S^or each objective. in the processes of scientific inquiry hier- \ 
archy, Chart 10, the unit title is indicated in the lower right hand corner 
of the objective's box. The code outside the box indicates the IS taxondmy 
^level of the objective according to Klopfe'r's structure of the cognitive \ 
domain for Individualized Science (Exhibit E, page 43), ^ ^ 
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The subgoais of the affective goal are viewed as falling into two 
categories. The first of these is related to attitude towards scienc^e 
andus charted in three hierarchies, each terminating in. a subgoal to- 
wards which^he attitude development is directed, Ihe three subgoais 
are: attitude towards learning experiences in science, attitude towards 
science: and scientists, and attitude towards scientific inquiry* The 
second category of the affective goal goes beyond .attitude towards sci- 
entific inquiry to inquiry as a way of thought. This subgoal may be 
considered the affective.dimension of the inquiry, goal or the inquiry 
dimension ofithe^affective goal. 

^ The-me'*r»s of determining whether or not affective objecnves 
have been attained are built into their expression. For attitude towards 
science learning experiences (see Chart 5, page 72), the student would 
be "observed in the classroom. The behavior to be demonstrated falls 
into three major categories, charted as hierarchy branches: perform- 
ance of volunteer activities and reports on them. (action); satisfaction 
in doing lessons and optional investigations (feelings); and pride in the 
care used in carrying out activitie^s and lessons (feelings as they affect 
action). The three hierarchy branches represent hot only different 
behavior categories, but also different mixes of affective /cognitive and 
intellectual/observable behavior, 

Attainnient of the subgoais dealing with informed attitudes to- 
wards science and scientists, towards scientific inquiry, and towards 
inquiry as a way of thought is assessed both by observing behavior in 
the classroom and by questipning students about their learning experi- 
ehces^h -Science, Student responses concerning science and scientists 
(ace Chart 6, page 74) would fall Into the categories-represented by the 
three branches of this heirarchy: the stiidy of the natural world as scl- 
enc^c's. primary activity, interdependence of science and society, and 
differences among scientists and what they study. For an informed 
attitude. towards scientific inquiry (see Chart 7, page 75), four branches 
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of the hierarchy demahd.diffe rent competencies: one related to obser- 
vation» one to'4nterpretatidn and the need for accuracy, one to measure- 
' ment, and one to the cumulative and reyisionary. nature of scientific 
inquiry* Finally, .attitude towards inquiry^ as a way of thought (see 
'^Chart-8, page 77) calls upon four classes of competgncy irepresented 
by hierarchy bf ahches: questioning, finding a means of answering the, 
questions^ findihg.alter native procedures, and:extrapplating from one ' 
inquiry experience. to a similar, but different experience. These de- 
mand successively more initiative and overt effort. 

In charting the. hierarchies, some objectives which are at the 
same affective taxonomy level may be organized- vertically rather than 
on-the same horizontal plane* Tlie reason is that, within the sanie 
affective taxonomy level, the student's behavior may require greater 
or^esser degrees of motivation, overt expehditure-of~ef£ort7-or~self- 
directioh. For -example, in the affective subgoal hierarchy for atti- - 
tude towards science learning activities, to **work vol\mtarily on an 
elective activity or alternative unit" would demand less independent, 
undirected effort than to "consider questions and problems in Some 
Things to Think About" (open-ended questions at the end of each unit). 
The latter would, in turn, demand less sustained, organized-effort 
than to "report to the teacher or other students. " Although these 
three behavior j are all at X.evel B. 2 of the affective taxonomy (sec 
Exhibit 2, pagi; 43)» they have been charted sequentially because they 
are-progressively more self-directive* 

I^vel of self;»directiveness, then, may be a consideration for 
charting objectives within a hierarchy* However, ifor any^ given child 
this sequence may not represent the optimal progression. For an 
extrovert, reporting both formally and informally might be a natural 
activity; for. an introvert, ^pondering questions and. problems in Some 
Things to Think About might be more attractive. In this case, the 
vertically hierarchical positions of objectives dp not represent a 
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necessary dependency, relationship, but they do reflect a relationship 
with.another of the curriculum's goals* ^ Nevertheless, even if self- 
direction were* not an. explicit goal of IS, the demands made on the 
students by. these objectives would lead to the construction of similar 
vertical senuences -in an accurate :plotting of the curriculum. structiire. 

The inquiry goal is. divided into two subgoals; use 6t appropriate 
processes of inquiry, ahd progress in developing the ability: to carry 
out inquiries (Appendix B, Ch&rts 10 and 1 1, p?ges 79-86). iTie hier- 
archy for the second subgoal-begins;with>IS X-evel C and has been con- 
otructed on the basis of independent investigations of Levels C, D, and 
E« Itsiib ranches, of. course, are much the same as those of ^ the attir 
-tude-towards inquiry hierarchy: questioning, posing problems for in- 
vestigation,, and propo^sing procedures for investigating prpblems* 

* - - * 

The student must be aware of the necessity of the. elements . in order 

*6 be able to carry them out. In this hierarchy, as in all tbe hierar- 
chies under Goals IX through V, the specified behaviors aj each IS 
levelf may be termed milestones, or behavioral evidence of progress 

towards the te rminal goals. 

- J. ^ 

The several hierarchies presented up to this point highlight one 
of^thc distinctive features of IS, the careful attention given the affec- 
tive, inquiry, and seU-rnanagement- goals. These goals are often 
espoused by curriculum designers:but seldom are they as carefully 
structufed.as the subjectrmatter content goals. A distinctive feature 
of IS-is ifs careful structuring of the components of self -direction. 



It must be assumed that each level of each dimension or branch 
of the affective hierarchies is attained through a series of instructional 
experiences. Both the level at which there is an increment and the ex- 
periences used to. attain it will vary from student to student. The de- 
sired behavior may,be demonstrated occasionally rather than consis- 
tently, bjut progress towards goal attainment at each level pf the cur- 
riculum is expected, lliis is indicated by the lines which connect^aU 
the boxes of- one affective level to all the boxes of the next level. 
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co-evaluation, affect, and inquiry, as shown in Charts 2 through 11 
(Appendix B, pages 68-86)* Each learning task involves more Jbhah . 
one goaU -In the IS program, the aj^jropriateness of levels of each 
domain involved in a single task has been c&refuUy and explicitly con- 
sidered, and appropriate sequences. have been incorporated ^into the 
design, IS represents an integrated pursuit 6£ learning goals, as the- 
hierarjchies. delineate* 

Scientific ^Lite racy 

Threcj illustrative hierarchies are included for the scientific 
litcracy goal (see Appendix B, Charts 12 to 15,. pages 87- 107): one 
for mcasvrcment terminology, one for the concept of energy, and 
one for systems concepts. The progression of objective s- from the 
bottom of^each hierarchy to the top follows the order of units in ^e 
severariS level s.. 

llic scientific literacy goal aiins "to build a solid base of knowl- 
edge and understanding of-a.nd about science which the student will 
heed to function in an increasingly complex world** (Klopfer, Note 5). 
Here, rather than centering on the process of becoming informed and 
self -directive, IS focuses on the conceptual^structure of science. 
Choice from a variety of resource materials and different examples 
provides for adaptability to individual students. Ihe materials are 
adaptive to an individual's learning style or preference, interest, and 
concept level; 

One of-the illustrative hierarchies constructed for scientific 
^literacy is that for measurement terminology (Chart 13, pages 88-94). 
Beca\\se each IS unit dealing with measurement terminology employs 
those terms which are related to the science content of that particular 
unit, this hierarchy was constructed with several branches. At 
Level E, for instance, one branch shows the development of termin- 
ology related to the science of nutrition, another branch deals with 
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temperature, mass, force, and work. At Level C, length, mass, 
volume/ and temperature are treated as separate branches to show 
clearly- how they develop* 

An example of how decisions are made about placement in the 
hierarchy-is.furnished by the developers' stated objective; "The stu- 
dent-states that the only certain way to determine which one- of a.pair 
of: individuals has the greater calorie rec^uirement is.by measurement*:*' 
l^iii-i 8- placed at the top of a series of objectives. on nutrition. measure- 
meat terminology, although the word "states" could mean that the stu- 
dcnt\i^y repeats. a memorized statement* Hie wording : of: the. objec- 
tive -was^retained as the developers wrote it, but it was placed in_ the 
nierafcHy in the position of a principle on the basis of an in-depth 
analysis .of the lesspn.materials* It was found that this principle was 
taught carefully, with cues gradually faded, over several different 
learning experiences* These included the statement that "only by 
measuring can you be sure, " a discussion of all the differences that 
affect amounts of energy needed:by an individual, and a discussion 
that-indicated the unreliability of any^other means than measurement. 
All: of these experiences contribute to teaching the need for measure- 
ment in Judging calorie requirements, hence the placement of the 
objective at the top of the series* 

The illustrative hierarchies for energy and systems (Charts 14 
and 1 5 , pag es 95-I07) structure the .mains t r e am unit obje ctive s that 
.attend. to. these science concepts* Each hierarchy sets forth an array 
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The objectives structured.are from the lessons in the main- 
stre^n units only, although the IS curriculum. also includes alternative 
pathways units and a variety of learning actjfvities;in addition to those 
confined in the lessons* Ihese are usually listed as related respurces 
Jhzcach„unit_and .provide many more expex;iences with the content of the 
unit* * ^ 
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of examples demonstrating the range of instances provided. in the IS 
lessons* 

The introduction of energy as a discrete concept begins at 
Level C. 1^ Formal study of. c*fergy is begun.at JLevcl E in "attempt- 
ing to answer the question, *What is energy?' " At Levels C and D, 
only, those-objcctivc 8 that explicitly deal with energy are struchxred; 
at Level E alP objectives a^e structured. Systems concepts are intro- 
duced at Level C and continued at Level D with a study- of burning and 
subsystcmsiinvolvcd. At Level E the student studies energy, as a. sub- 
system of;biological systems. Hie way some of the same lessons 
Kuilditowards different science concepts (energy;. systems) is graphic- 
ally demonstrated by comparing the energy and systems hierarchies 
and noting that some of the same objectives appear in^both hierarchies. 

Energy, may be used as an example to show how the developers 
of IS have built the conceptual framework of scientific literacy (see 
Chart 14, pages 95-102). By attending simply to the categories of 
student behavior, one can quickly scan this process* In dealing with 
the energy concept, the student <a) names, defines, identifies; (b) gives 
examples, classifies, describes; (c) explains, demonstrates, identifies 
attributes, distinguishes; (d) selects, orders; (e) reads charts, writes 
equations; (f) describes subsystem interactions, demonstrates processes; 
and (g> states or demonstrates concepts, principles, and generaliza- 
tions. Level C the student. observes^manifestations of energy and= 
changes brought about by adding or removing heat. By^Level D the 
student relates respiration to burning, and has begun to identify different 



Itwas determined that 'Jie concept begins here because the 
developers s'peak in the Level C teacher^s. manual of "rudimentary con- 
cepts ahdzpbservations" of manifestations of energy at Level C and con- 
firm that the concept is more fully introduced at Level D (p. 173). In 
the Level D teacher's manual, they speak of "introducing.ideas about 
energy e::change" (p. 26). * - 



kindstof energy (heat, light, sound) and to explain such changes as 
evaporation, melting, dissolving, and sublimation by kinetic molecu- 
lar theory. 

At Level E, as the hierarchy clearly, shows, the range of in- 
stances of energy has expanded. The formal study of energy has begun 
with=identification of the attributes of- energy and with learning exgeri- 
ences with a wide^ variety of forms of energy (heat, chemical, kinetici- 
sound, electrical, light, elastic^ gravitational)r The concepts^ p>inci- 
pies, a nd_ general ir.ations are built through a variety of experiences, 
andlthe student demonstrates his or^,.<*r acquisition of the concepts by 
synt^ie sizing, creative activities (e. g, , writing an essay on what life 
would be like withqut the sun's energy, or how . life would_be different- 
if all the coal and petroleum oh earth were used up). 

Evaluation of^IS on-.the Basis of Curriculum Analysis 

The description of the hierarchies constructed for (ach of the 
goals of lndividualized Science has attempted to point out some of the 
fihe:poiht8 of the curriculum revealed by the hierarchy construction . 
"process. The construction procedures have been explained iniorder 
to clarify the significance of each branch* each level, arid each linking 
vertical or horizontal line. By examining the hie rarchies* significant 
information about certain aspects of the instructional prpcess can be 
inferred* For example, in the development of a broaa and fundementrJ 
concept, the hierarchy clearly shows the sequence in which instances 
of the concept are introduced, the range of instances of the concept; 
and_U>e way- principle 6 and generalizations are built out of component 
concepts. 

- ^The advantage of such an economical, method of presenting a. 
tremendous amount of information about a highly complex curriculum 
should not be underestimated. However, it is important. to note that 
in the;p recess of. constructing. hierarchies, the investigator gains more 
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information about the curriculum that can be inimedia^ely discerned in 

the hierarchies Uiemselycsy Some of this is relevant to ihe claims of 

h - 

the developer ;rf^about^ their, program and, therefore, to its evaluation* 
-:i2acli.df^the cl iims made, for 13 will be examined in light of the informa- 
tion gleancci'during the hierarchy construction process* 

Adaptive Ehvi ronment 

^ ^" - ' ^ ^ 

a 'One-pf the first clain*-S. ot -the IS developers is that they have pro - 
due ed* a mu It Uac e t e'd p r og r am w ith , m^a ny resources which make . po s s i - 
bf ^an * 'adapt vve^ e nvi r orime nt , * ' that is, an e nvi r onme nt that "ha s the ^ 
capability of matching instructl^^n to various cha facie i-istios of indi- 
viduat learners" (Champagne St Klopfer, Note 2, p;. 2). Hie developers 
constructed a table displaying: the many facets of tiie program (see 
pages 44-45) which. shows how provisions are mad's for variations in 
goals, niatefials, i .ttructional units, saftingt (whole group, sm^ill 
groupsy individual 8 teaching focus (subject matter, process, values), 
mode (lecture, 'discussion, laboratory, programmed materials, 
self-instructionalTnaterialA), and locus of responsibility: for evaluar' 
tioA and'deciaion making. The developers deiscribe how <iiese yaria- 
-tion& provide for individual differences in acquired knowledge, interest, 
a'ttxtudes/ and intelligence (Champagne Sc Klopfer, Note 2). Ihey do 
* not claim to:. know bow to provide for variations in cognitive style or ^ 
cognitive-development, ^e mechanisms for which, they maintain, "are 
just-beginning to be explored. " However, they suggest that different 
social settings and methods (didactic, guided discovery, inquiry) 
accommodate to some of these differences. They also show, in tabular 



12 

Hie developer s-use the term "instructional strategy" in which 
they include didactic, guided discovery, and inquiry. The writer pre- 
fers to u8e-"metho^" for thi-^ dimen.8ioh,of a curriculum, reserving the 
term Minstructional strategy" for those techniques of instructionithat 
have firm research-based evidence of effectiveness. 
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form,, the prog cam's many resources and. how these relate to its 
goals, which they claim adapt instruction to both learner differences 
and the content ^6 -be^earned* 

4 

The iS.pfog ram does provide. such a we ajth of resources and 
such a variety of instructional options that the instructional environr 
ixient appears highly- capable of adapting to individual needs. The 

learning resources chart (see Appendix A, pages 44*-45) provides 

. ^ ' ' ' ' ~ ~ /' ^ ' 

some ^indication 9f the- range of these resources and options* IS 

consists of mainstream units, which teach the program's behavioral, 
objectives, arid alternative pathway units, which go beyond these obr 
jectiyes to stretch the child 's^capabilities and stuhulate his or her 
interests. The hierarchies do riot attempt to structure these alterna- 
tive units, \yith6ut them, the prog ra^i is adaptive; with them, it has 
the capability of -being remarkably adaptive. 

In cfeating a program which would furnish the adaptiveness 
demanded by the individual differences in elementary school chil- 
dreri, the developers confronted niany- curriculum design problems. 
Their solutions suggest some. of the elements that should be attended 
to iri designing an-adaptive curriculum. For example: 

1. To provide a variety of settings to meet the prefer- 
ences of the* students and, the demands of ins true- 
st iorial; objectives, the developers designed student 
activities which could be done alone, with the teacher, 
with one or more studjents, pras group activities with 
the, teacher. 

2. To keep track of a class of students, each with his 
' or her own plan of study, the developers provided 

plannihg booklets for each student to record plans 
and^progress arid class management sheels for the 
( ^ ^ teacher to keep track of students' plans arid. progress 
sTnd^to assemble those ready-fof Directed Group 
Activities. # 



24 




28 



• f A 



3; " To ensure that. this highly complex program would 
stand-alone without. teacher support from aides, 
:implemehtelrs, or other personnel and. could thus 
be successfully disseminated, a myriad of teacher 
props^e re furnished and structured instruction in 
self -nianagemeht was provided for the student. 

4. Tb-avdid-the.problems associated with initial imple- 
mentation of ah innovative curriculimi to relieve 
die kinds of ahxijBties that many teachers egress at 
die prospect of attempting to individualize instruc- 
tion, a hunibe r of t cache r p rops we re^ de signed* 

.Theseiprops include classroom model charts,* ma- 
terials-storage procedures, lists of materials need- 
ing replenishment after each lesson, descriptions of 

-how to assemble materials, and management infor- ^ 
mation for each level, including possible routes that 
a student could fallow. « , 



Seif rbirectedJLearhing and Evaluation ^ 

\Tp meet -the challenge of.a world of change and the- need to 
acquire new skills and knowledge, the child must^become a lifelong 
learner. IS provides mechanisms for children to plan their science 
activities, to manage their ojyn in^fuctional material and to. take 
» part:in the assessment of; f heir learning. "It also provides oppor- 
tuhities for the child to make selections frbm alternative learning 
resources and from alternative units of; study** (Champagne & Klopfer, 
Npte.2, p. 1). ^The program attempts to develop attitudes towards 
learning by teaching children how the iAstructional system functions 
and giving them a sehse of participation in decision making (Klopfer, 
I97la, 1971b; Champagne & Klopfer, Note 2).-v 

Ali-of these claims are reflected in four of the program goals; 
affective, inquiry, self- direction, and co- evaluation. The hierarchies 
forr these goals indicate that the science lessons. offer opportunities^ 
structured in small steps, which permit self -management^ self- 
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assessment, and choice of learning resources and, beginning at Jbevel 
of alternative units. In the^ early levels,- the program provides instruc- 
tion in science vocabulary, the learning-tp-learn skills of observing, 
sorting, measuring, describing^ ordering, classifying, collecting data, 
recording -d^t^> interpreting bar graphs. The student has an oppor- 
tunity to acquire skills and processes of inquiry and is exposed to learnr 
ing.expericnces-designed to provide an informed attitude tpvyards sci- 
ence and' scientists, science learning- experiences, and scientific 
inquiry. 

-If^ under standing the learning system gives the students "a sense 
of rparticipation and control, '* teaching_them the mechanics for develop- 
ing such understanding should foster'this sense of* control. The pro- 
-grairirsupplies a".Start Unit ior Jbevels-A-and B and.a Launch. Unit for 
Levels G, D, and E, which teach the mechanics, llie Start Unit 
teachesrhow to operate a recorder, follow directions, use a planhing 
sheet, and-find materials, and it tests prerequisite skills such as 
recognition of numbers and letters. The Launch Unit- teaches how-to 
znahage-mate rials, score tests, and select .student activities and also 
provideSTan- introduction to new concepts, vocabulary, and- instruments. 

In programming these goals, the science developers have encoun- 
tered. and solved the following problems related to adaptive instructional 
design: 

1. To permit- informed decision making by student s> the 
-Directed Group Activities, managed by the teacher, 
-present an overview of unit choices* From Level D 
on, student seminars -include sexnihar books with 
directions, which p^rmit student self-dire*ction; 
These seminars. also provide opporhinities for stu- 
dents- touse, orally, the vocabulary of the subject 
they are studying individually^ 

2. To provide for sociaV interaction in an individualized 
program, the variety of resources from which the 
student selects includes:projects on lesson concepts, 
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games, etc., which allow for student interaction. 
The 1 Directed 6- uup Activities include group dis- 
cussion of concepts, films trips, and the lives of 
well-known scientists. 

To provide necessary information on subject matter 
content and/or directions on activities that some 
children might not be. able to read, optional read- 
.along tapes and illustrated lessons impart science 
or planning :information and oral directions for 
activities. 

To provide for exploration and challenge with stu- 
dents of varying interests and abilities. Invitations 
tprBxplpre, Miniature Explorations (MinEx)= and: 
Self r Initiated Independent. Activities challenge^ 
while H6w-to-Booklets remind students-how to 
manage independently. The Minllxs have problems 
j>nithe cover, which soine students can attempt to 
solve on their own as well as pictures of escperi- 
.mehts'^iriside which children can model. Open- 
ended questions encourage further inquiry. 

Toiehcourage the teacher to permit. student selfr 
nianagement and co- evaluation, the developers 
have built teacher props into the ^materials of each 
unit. To assist students- in self- management, they 
-are provided with answer keys and planhing-notes 
oh how to get materials, return them properly, 
"make/and carry out a plai/^ Placement tejst ques- 
tions are keyed to lesson content and help deter- 
^he what to do next* 

A-teacher's manual supplies course information and 
directions. Hie teacher is encouraged to take the 
opportunity to discuss withithe student his or her 
progress in the program, and information is given 
on how and when to do so. Ilie-teacher's alterna- 
tives^ depending on student progress, are pointed' 
out and hints are given aboiit how to help students 
evaluate the appropriateness of their choice is, 

in addition, the curriculum reminds the-teacher to 
record students* special problems and activities, 
concepts they would like to continue studying, and 
the activities* they complete. 
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Finally, the "How-To" student booklets provide the 
-teacher, who may be fearful of.the dangers of self- 
managerhent, with. a:niechanism for reminding stu- 
dents of safety precautions as we 11,' as other seU- 
" management skills. 

RelevaK£^ 

Thercontent of Individualized Science, the developers claim, is 
relevant.to-the social. circumstances of today and the. foreseeable 
futui:e, emphasizing cultural aspects of science and the^ interaction.of 
science jthd society* The content, they assert, capitalizes on.the 
intefestsr of the: child and seeks * give each child some methods and 
skillsrf or rattacking: the questions which tug: at him and some useful 
framework into which to fit the answers" (Klppfer, 1971b, p. 26). 

While all of the goals are related to these clainid^ the scientific 
Uteracy.goal is particularly relevant. The interactions of science 
and society are jexplicitly attended to, mainly through the filmstrips 
on^'the lives of scientists. In addition,, much of the content is selected^ 
to prpyide tb.e ^scij ^ngfic knowledge nec es sary for helping the student, 
to deal :with= social problems of the present aiid'futu're.-- * 

The physical and biological sciences are highly relevant to. the 
search for solutions to such problems as overpopulation and threats 
to ecological balance. The hierarchies show that at each level: student' 
are askedito. describe contributions of scientists; to their society. The 
physical and biological science curriculum, objectives include .sequence 
oivthe composition of the atmos^ere^ the human respiratory system, 
air:pollution, the digestive system, and nutrition. A major area of 
study in I§ is energy which, of course, has broad social implications 
and-currcnt interest. The student is asked to consider these impiica-* 
tiohs and write about them. 

Ihe claim that each child is given methods and-skills for. attack- 

i 

ing. questions "that tug at him or her**.is adequately "justified. Hie 
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early lessons, which feach skills of obscrvatipn, measurement, and 
classification, are carefully sequenced. The goals of informed atti- 
tude toward; and eventually commitment to, inquiry and the ability to 
carry outaiiquiries are carefully attended to at each level, as^ the hier- 
archies show. The developers anticipate that by Level C, some stu- 
dents will:go beyond strictly scientific inquiry and begin to develop a 
cornniitmehi to inquiry as a general way of thought. The developers 
apparently expect an "Aha !" effect, since in the affective domain the 
is levels from C to E progress relatively rapidly, from A. I to A. 3 on 
the affective taxonomy (see JExhibit 1, page 42). Once students become 
aware-pf the processes of inquiry--asking a question, seeking a way to 
answer it, proposing alternative procedures, and extrapolating from 
experiences in dealing with one problem to a similar problem--lhey 
are-expected to make progress in their ability to carry out inquiries. 
This, progress-can be investigated. by examining student performance 
in the independent activities. 

Again, attention to these program aims has led the developers 
to solve other cixrriculum design problems in tiie process: 

1. To maintain children' s interest and motivation tp 
lea^n, the lessons address themselves tc^children's 
concerns about their own bodies and answer many 
pfi the kinds of "why? " and "how?" questions children 
^ naturally ask about themselves and their environment. 

Many of the explorations are written in puzzle form 
to:make them especially appealing; to children. For 
c^^imple, the story of Archimedes' scarch for a way 
to find the volume:of the King's crown introduces a 
MinEx which asks the student to solve the same prob- 
lem. After solving it^ the student is encouraged to 
find-an alternate way of making the same measure - 
ment. Another MinEx asks students how to use a 
plastic bag to raise a smj^ll book off a table without 
touching the book or lifting the bag. A third asks 
the student to predict whether a paper towel will get 
wet if it is pushed into the bottom of a vial which is 
then pushed open end down into some water. 
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2. To help the teacher who does not know the science 
content^ the teacher's manual provides ah overview 
of the content and a rationale for its use* In addi- 
tion, there are;notes to the teaclier on things that 
pose special. difficulty for students. Ihefnea-^mpha^^ 
sized in the filmstrips are listed* Ihe teacher . is 
given suggestions on questions to ask and why to 
ask the tn, and^efereiices are made to learning 
-theory^ sources for teachers who want to learn more 
about how children acquire concepts^ 

-Possible Further Claims- 

There are add! tipnal: elements in IS which. might well have 
elicited-claims by the developers/ but did not* For example, IS.is 
adaptive tq the local school situation. as well as the individual student* 
Twp different classroom models are possible: regularly scheduled at 
90 minutes.per week, and flexible,, involving large blocks of time. 

It is possible, because of the very carefully specified structure 
of science content oh. which the. program. Is based,- to use a computer 
to generate tests. Whatever^ category of behavior or knowledge the 
teacher, evaluator, or. product purchaser is. interested in. knowing. 
about-can,be tested, because each objective is carefully coded to the 
structure of science as defined by the developers. * 

. Finally, the^prog ram. makes no claim about interpersonal skill 
training. However, the care will which instruction. is designed for 
the sharing ahd proper handling of materials indicates that this is. an 
inferred objective. The diversity of instructional situations also 
-encourages social interaction by -providing Jhe- student an opportunity 
to work with different individuals or different. groups of. children. 

Theoretical Basis and Ihstructiohal Strategies 

The. developers of IS call their program eclectic because they 
borrow from a variety of theoretical base^ for the research underlying 
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their instruction. They refer explicitly to Gagn6, Bruneri. Piaget, 
Ausubel^ and Glaser (Champagne & Klopfer, Note 2). They could have 
referred to Dewey, Skinner,, Klausmeier, Schwab, Bloom, and Krath- 
wohU ainong others. Instructional strategies used throughout levels 
are clearly influenced by each of these theoreticians and researchers. 

One elcrhcnt that characterizes the IS curriculum and stands out 
as its greatest strength is the care with which it follows the fundamen- 
tal structure, of science. This gives it its consistency and makes feasi- 
ble the, ihtcgrated:pur suit of goals. It facilitates the building of the 
concepts of systems, energy, kinetic molecular theory, and biological 
adaptation as recurring, themes, built and strengthened unit oy lanit. 
^ This element of structure, which owes miich to Schwab (1964) and 

Bruner (I966), is the element and the strength that corhes across, most* 
clearly^in the scientific literacy hierarchies. 

Thendeas of Piaget are reflected in the way the iessons attend 
tb the child's development in abstraction, attention span, and concept 
learning. A*t the early levels, when the child might^be expected to be 
at the state of -concrete operations, the learning experiences are cqn-r 
Crete and short. The later lessons become longer and more abstract. 
The level of abstraction is another program aspect clearly illustrated 
by the hierarchies. 

Hie sequencihg of instruction in L' ' ows the influence of other 
theorists also. The taxonomic levels of bloom (195"6), somewhat modi- 
fied by the developers, and of Krathwohl, Bloom, and Masia (1964) 
are clearly apparent, in the defining and sequencing of objectives. Hxe 
building from concepts to principles to generalizations shows. the influ-" 
icnce-of Gagn^ (1965) and, again, of Schwab (1964) and Bruner (I960). 
The progress from single to combined skills stems from Dewey (1933) 
and Piaget (1969). The progression from instances with few irrelevant 
attributes to those with many can be traced to Bruner, GoodnQW, and 
, Austin (196^), Glaser (1968), and Klausmeier ahdirl'ooper (1974).> 



Itxese writers undoubtedly would support the building of the concepts 
of energy, and systems, as revealed.by the hierarchies, as examples 
6f-their instructional theories at work, 

Glaser'ar design m9del is clearly apparent in the structured: cur- 
riculum^model: testing procedures (integrated into the curriculum)^ 
discrete materials. for teaching each objective, and>procedures for 
individual-progression through the program, ^ 

» -Advance organizers (Ausubel, Note 6) were used throughout the , 
curriculum, both in the form of overviews of what is to come (Directed 
Group:Activities) and in the form i of fundamental ojrganizing concepts,^ 
taught early ~and:builtzupoh. There is evidence that students* learning 
and :retentiori_is better with such assistance (Bloom, 1971; Gagne, 1965; 
klausmeier ^ Harris, 1966; Ausubel, Note 6). 

1 

To demonstrate attainment at the level of practical application, 
which is defined in IS as an element in the definition of ''understand, " 
the Bloom (1956), criterion of. * 'use in a. novel situation*' is employed, . 
The theories of Skinner and other behavior ists and the programming 
work of Glaser and colleagues (taber, Glaser, & Schaefer, 1965^ 
ap;>ear in^the use of such techniques as cues, prompts, and successive 
approximations of desired terrhinal behaviors (Solomon & Holland,. 
Note 7). 

Questions for Further Research 

As has been suggested^ many questions arise for further evalua- 
tive research as a by-product of the hierarchy construction process. 
Some.of these questions follow: Are theib'^hayiors shown. in. the se,lf- 
management .andTTO*- evaluation Jlie r a r cHit ' s the essential components 
of-seU-directed, self 'evaluative learning? Are these the optimal 
sequeiices for attainihg.it? Are these elem ents. the. appropriate, ones 
for the developmental level of the students? iFor example, is it appro- 
priate, at Level D (about fourth grade),, to iiitiate student responsibility 
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for ar/anging an interactive mode of learning in a lemlnar and carryr 
tng out a. role tn.it? Should other objectives for using human resources 
for learhing^precede the seminar objective at Level D? 

bo students who have completed IS I«evel A demonstrate the 
ability to carry out the.foUowing behaviors. in other classes which do 
not t^each self -management, f>g>p getting their own materials and 
retufhing^thcrh to the n'-cper. places and following written or verbal 
-direction which they can read and /or understand.? Do students who 
have bcen in this program through Level D demonstrate greater deci- 
siveness in othur classes (quicker, reasoned decisions)_when given a 
choice between several alternative learning activities than do students 
who have not had this learning experience? Should there be specific 
lessons to teach students to analyze in addition tb the student and 
teacher management props which facilitate such analyses ? 

Do students who have studied IS use the inquiry processes 
learned' ill. science in investigations in other school subjects outside 
of science? Is there a relationship between the number-of additional: 
related resources a: student elects to use and his or her achievement 
in sciehce? Mow do students who have completed all levels of IS com- 
pare with other science students in level of scientific literacy as these 
% *- -I ' 

term.i are defined specifically by the developers of IS? 

The IS Model; Towards^ an Adaptive Environment 

Lindvall and Cox (1969) have defined a structured curriculum 
model, which has been the basis for individualizing instruction from 
the Winnetka Plan to IPI, as having the following five elements: 

1. Sequences of instructional objectives to define the 
curriculum, 

2. Instructional materials to teach each objective. 

3. An evaluation procedure for placing each pupil at the 
.appropriate point in the curriculum. 



4. A plan for developing individualized programs of 
study, 

5«. A procedureffor evaluating and monitoring individual 
progress, (p. 161) 

The- interim. report on the goals and" scope of Individualized 
Science (Klopfer, Note 5) listed three requisite conditions for iridl- 
vldunlized pr og rams .with d Ve r s e ^gpals : 

1, All students need not have the same Icarning experi- 
ences and a student does not need to work. on all units 

* and activities, 

2, There must be a common core in which every student 
is expected to achieve mastery, 

3, There must be a rich variety of alternative resources 
which facilitate self-direction and co-evaluation. 

Analysis of IS points up three other elements that appear to be 
essential to the flexibility of an individualized curriculum model: 

1, 'A process concept ofimastery which accommodates 
attitude, process, and achievement expectations to 
individual differences, 

2, Identification of the underlying structure of the disci- 
pline to establish appropriate categories within which 
instructional activities can be developed. This makes 
a ran^e of experiences feasible, and challenges are 
always available to the student (see Appendix A, 
Exhibits 2:and 3, pages 43-45), 

3, Explicit attention to providing' self -management oppor- 
tunities in the instructional management system. 

Adding the elements Identified by the analysis of IS to the struc 
tured curricuium model defined by Lindvall and Cox (1969) results in 
a more cornplete list of the elements that define an adaptive environ- 
ment: 

1. 'Sequences of instructional objectives based oh the 
structure of the discipline. 




Initructional matcriali which provide: 

a* a comznon core in which every student it expected 
to achieve^xnattery* 

b. a rich variety 6£ altcrnatiTe.reiourcct, xnaking 
feasible individualized programs of study. 

3* A management procedure perxhitting students to partici- 
pate in: . 

a. selecting appropriate-units and activities in.which 
to work* 

b. monitoring their own progress and evaluating their 
own work. 

4\ A process concept of mastery, accommodating expec- 
tations for attitude, skill,, and concept attainment to 
individual differences. 



Conclusion 

This paper has described how the PIC Model was employed to 
analyze Individualized Science. The purpose of the analysis was to 
assess the. extent to which the curriculum materials attend to those 
aspects of instruction its developers claim it addresses and to 
describe by what procecures they are addressed. 

On the basis of a careful examination of the IS curriculum 
materials during the process of constructing hierarchies and an 
examination of the hierarchies themselves,*^ these conclusions a^re 
drawn: The goals of IS are supported in the quantity and range of the 
materials offered. Many of the problems of adaptive instructional 
design have been solved and an adaptive design model may be inferred 
from the product. The instructional strategies' employed are sup- - 
ported by research and are appropriately used. 

One of the developers suggested that,^ »«Perhap8 what an elemcn- 
tary school science program really can accomplish is to make the 



child's world appear less contradictory to him, so he may feel safe 
in it" (Klopfcr, I97lb, p. 27). The present analysis indicates that 
the Individualized Science program has produced^a variety of ins truer 
tlohai materials and a carefully integrated msuiagcmcnt. system which 
provides the necessary curricula r elements for accomplishment of 
thiff aim. 
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GHART I 

Cufficulum Analysis of Individualized Science. Overview of the Goals 



Ttrminal 

Go«n 



Tbe siudent»cquir«s(a 
foundaiion of tcieniif- 
>clhfrx> 



"Dif itucJtnj dt«nb»t 
hit obmvat Ions ind 
• Kptfitncef vnjh itimi 
df fwrT from hl» b«4lc " 
voc«6uI«Ty ofif»-»tf» 
Ic words (Coni9f)(.-^ 1. 
Biol09fc*l;2:Phy»Tc«l; 
3; G«n«r«]; B«h«vior! 
A02, All. Knowffdg* 
and iran»(aitonof terrn- 
lnolOflv;B02, Ot»cfip« 
Wont of obttrvaiton* 
utingappropr'ti* fan^ 



Th9 tiuOent undar'siartdt 
tom« of ihe important 
coricapit, prrnclplet and 
conceptual tchemet of 
tciencf (Conieni 1. 
8iofo>cat Scltnc«. 2. 
PhV»ic»I Sciencf, 3 * 
General; B#tiavtof» 
AOJ,^n Knowffds«. 
F0)^3 Appllcaiion) 



Subgbal M 



The tiudeni undersiands 
ii^nlficani fdeat rtlated 
10 UKiai atp«cis of tci 
enee (Conieni 3.020, 
b«havior| ' 



*Sub904i i-2 



I 



Sub^cwt 13 



Terminal Coat V 
(inciud«t 2 Sub9oaf t)^ 



The »««i»aiii4Vi»J<ul in 
Mitng Ihe procettet of 
icitnitUc tnqtirty artd 
>s able 10 carry oyi 
in<}uirtet. 



In }nvttTl{;^tin0 natural 
phtnomf n» afMJ/of lolv* 
ing probitmt In^fcUncd. 
tht iiudent i9\Ki% and 

aopropriaie process 
n of fOfniifiC-tnquiry 
(Obsaiving and maasur* 
ingVB01'B05;tefing a 
probitm and seeking 
»wys lo »olv» ii;COI' 
C04; interprttfngdaiB 
and foimula I Ing general* 
liaiiont. ooi>006and 
Testing and revising a 
theoretical model £01- 
E06I. 



in invest igaiing protifems 
ouis'de of science, ihe 
siud«>ii serecis anduses 
aopfopciate processes o* 
scitniificJnquify. {F03} 




t^rmif^a! GoalJV 
(includes 4 Sub^oalst^ 



Thesiud^eni ur>defs<ands 
siooificvii ideas related 
10 the r^turf of icien 
lific. inquiry iponiemt 
3 0l0.faehaviorl* 



SubyMl M 



The siudeni<«ntoyshis 
science iearmng experi- 
ences in school IH04) 



□L 



Given any proUem, 
either recognized by- 
himself of set for him, 
the student formulates 
a plan of inquiry into 
Mhe problem, designs 
'procedures to imple^ 
ment the plan^carrJes 
out the indicated pro^ 
cedufes, processes data, 
and observations, an(j- 
evaluates the results of^ 
the inquiry In refatfon 
to lis purposeNJC02,/> 
C03,C04jOOI,^3/ 
0051. 



Whanheconducjs In 
quiries or confronts 
problems, Ihe student 
adopts the attitudes 
which scientists ideally 
display when they are 
doing science (Honesty^ 
0oen-<nTndedness, sus^ 
pend«d judgment, self' 
criircism,CommitrT.entS 
to. accuracy), iHOST 



The student displays 
positive attitudes toward 
his study of science, and 
scientific Inquiry and an 
inforVed attitude to- ' 
ward the scientific enter- 
prise> 



The student chooses to 
pursue his own science 
activities or science^ 
related activities outside 
of school, moS) 
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Tne student values science 
for Its cor^tributions to 
man's inteliectual growth 
and to society. {HOI, 
104,105). 



The student accepts the 
processes of scientific 
inquiry as a valid way 
to conduct his thinking 
(H02) 



Oiari J continued on 
nen't page. 
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Cha rt i: (Cont?d)\ 



I. 
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TtrmTnal Goal il 



yh9 itudtnt Mftctt tnd 
vtHiiMt»uit«bl« ktn-' 
tft*lroom#flt »nd/of 
fnttructfonai m4!«rt«lt = 
Mm tmx iMdhlm- 

• and/of inilght and/ 
Of Mtitfactlbo. 



Subtotf 11-1 



'Th« itudant vi«*» tha'' 
laarnlng procttt ai pri* 
mcrity M(f-dlr«tad and 
Mif-inltiattd, 



X 



Thi itudant spactfiit and 

fotto^'a \or\^t$Trn plan ^ 
for hit o^n latrnlng. 



Ttrminal GoalMII 



Tha itudaot Mtt cr{tar(a 
for thi complatton or 
maitary of t laamlng 
tMk and ha rKoenlsat 
whan h» hat attainad 
thatacrltarla. 



Subgoai in-1 



Tht Itudant playi a 
ma}6r rola fn tvatuating 
tha quality, axttnt. and 
rapidity of hli laar hing. 



.1 



ITia Itudant aaaanaa hli 
prograaf on fl laarning . 
^taik M ha procaadi. Ha 
lanalyiMdlfflcutt(a« ha 
tncountan. ravttai hli _ 
.approach If nacataarv, 
rand Maki out aatlittnoa 
Ifnaadad. 



^.Subgoal 



NotB. The goali «re frorr "Goiti and Scop* of IPI Scltn«" by L. El Klopftr. unpublished piper.UnlveFiity of Pittsburgh, 
Learning Research^ and Development Center. 1970. 

*}n JS. the word "underitand" [i used as a shor^and expression in stating termirial behaviors and means that the student 
has knowledge about andean apply his knowledge about an id^a, principle, process* or institution. 

'^This waf "positive attitudes" in Klopfer's 0970) MQfcej bsc^ine 'Informed" in the commercial version. Positive ieems 
appropriate for one set of subgoals; inforrned for another Lhay are expressed by^the developers. Elsewhere* hpwever. Goal 
IV is worded as in the commercial version, "inform*d." 

^The components of the affectivt inquiry goals include 6ut<6f-tdiooi as.well as in schoot attitudes and behaviors which it 
is expected, but cannot be assumed, would be encouraged and lupfwrted by the curriculum. These two goals are, therefore, 
further broken down into school-related subgoals in separate overviews on peges 7.1 and 78. 



CHART 2 

Cufficutum An»lv>i>-6f I ndividuilirtd Scitncti Httr^rchy of Stwknt S»lf.Dir»cti^ 



TtfmJnil 
Goii 11 



Tht itudMt vt«w» th9 Itarning proom m 



pctinf If> {riMrKtiofv in pumiit 
of inttrucliofMl fMii.* 



Uv«rE 



Tht itudtnt MiKtt Afld UtillfM 
iuit«tlttnftrucitonal m»t»ri«ti 
tojMd himAttr to tt>t dMirid 
knoiMttdtt, miight, or 
utiifKtlon. 



Sub9o«< no- 



T 



Tbt itudtnt »ptcif iM and f ol 
lorn • (rvlativffy) long ivrm 
pi»n tof huAttr own iMrnin^^ 



Sobgoal 1} 3 



In coniultation with hit inttruc* 
tor. tht Itudtnt it wiltinf to , • 
rfviM hH ptam in tht lifht of- 
«v>d«nct that it aporopc ittt. 



Gi van tht opportunity to rttd through a- 
flactrntnt Tt$t, tht ttubtnt dacidti wttathtr 
Of not ht Witt ttttmpt tha tttt. If tht daci« 
tton h not to taka tht tt«t, ht or tht infofrn« 
tht tttchtr of thH dtcition and includtt 
iMrnini actmtitt from all tht unit tootct in 
hit or htr lndividualixtd latrhtng plan. 



t "Hit Itudtnt: ttlKt« tht rMponftbttity t6< 
m^kinf tht ntctMtfy Vrangarntnt* for hold- 
inf • •tfnint^ timutttion and pcaparaa for hit 

j or htf part In It, Tht itudtnt ptrttc^tat 
tfftrtivitv. fn tht Mminar tiinulatton and - 
ctrriti out ht% w htr own raiponaib«tit«t« at 

-:t aa«nin«rmt«nbtr at wt(t at facUiia'tini^tht 
participation of othtri« 



Ltvtl D 



Fof aach invtiation to tiplott <IT€) tafacV 
•d for itudy'in an Alttfoativt Pathway unit, 
tht Itudtnt it<tctt tht activi tits ht or iht 
»<itt con^att and racordt hit or hac choicti 
tn tht hannlng Bookltt. 







; Tht Itudtnt dtctdat which invitttlont to 
iipiort OTE'i) in an Alttrnativt PathMty 
unit ht Of Iht will ratd and racordt hit or 
har chotcat in tht.Plannirvg Boo Mat. 
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l>Pon compit;«on of an Indsvidualltad Ittrn* 
Wfl plan for ^ Alttrnatlvt PathMty unit, ih 
Itudtnt diKuitai tht ptan with tht tttchtr 
and makat any nactattry modificationt In tf 
ptan that rttuttad from tht conftrtnc*. 



Upon comptMion of tht Unit Ovtrvitw for 
•n Altarnativt Pathwvy unit, tht ttutttnt 
dacidti wht »r not ht or tht will work in 
that unit tno tht rtttont for thf 

dtcltion in t S(ud«nt -Tttchtr Conftrtnct* 



Civtn hit/htr Tndividutltiad tttl-tttacttd 
ttar ri Ing pta n , tht t tudtnt ma ktt any nacaw 
modificttiont in tht pitn tfttr ditcuat- 
tnfl if vnth tht laachtr. 



I 



Givtn an outlina of a unit'i aciivitiai group#d by top* af tar bbuining tha ra.uitt of 
hiiAtf r\tC9(nt>t Taut for, tht unit, tha tiudant Tdantifitt thoia topict hit/htf 
flacamtnt Tait ratulti indicatt mutt bt ituditd and thot* topict for which tha««a« 
fntnt-TattratuItt mdicata tchoict On tht bttit of thlianalytit and hit/htr Intaratt.- 
tht ttudant dtvalopt an Individualigtd laarning plan for tha unit.'> ^ ' \ 
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Chart 2 contiruad on haxt ptga 
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ERIC 



\ 



\ 



Chart E-(Cont'd) 



Givtn th« Htt of MmUtur* Explorationi 
v(MinExs) •>^II«b)i1n luntt andhawnj 
•x»fnln#d tht MtnEx w^^ich ht would 
l>kt to do, tht itud«nt rtcordi hii 
CboiCH in tht Ptinning Bookltt. 



Givtn tht lilt of Rtadingi in Scitnct (RIS's) 
•oociittd with ptrticultr MinExi, indtvid- 
uti lewoni or othtr Ittrning rtiourcts in t 
unit, the itudtnt letectt the RIS which he 
went> to do ntxt and retdi it at the tppro- 
priate tFmt. 



Level C 



Level B 



Givtn an;outtint of rtquirtd actlvititf In a 
unit and iifttr obtaining tht rtiults of hit 
Pltctmtnt Tttt for that unit^ tht itudtnt> 
identifitt tht Kitnct conctpts ht hn alrttdy 

'm«ttftd tod ^t conctpts not mMtfftd, and 
indicattt in hii Ptanning Bookitt or Pltnning- 

^Shttt thott rtquirtd tctivitiM ht may chooM 
to do~(iinct ht hat matttry of tht rtlattd 
conctpt) andth(»t ht muit do (du« to non> 
iTtatttfy of tht rtitttdconctpth 



Upon his complttion of tach day's act ivi- 
tiff in scttnct, tht student writes tht datt 
in tht appropriau spacts on his Ptanning 
Bookitt or Pleiihing Shaat for Ptaniiing 
Shaft for aadi activity as a record of 
vAttt ha did chat day. 



Givtn a situation in v><tich_ht hts no prt* 
kribtd activity 6r4n which a prescribed 
activity cannot b« dont« the student st* 
iectsan appropriate alttr native actiyity- 
and goas to work in that activity. 



When given the opportunityjo select a 
Student Activity, the studant chooses 
one which interests him from amorig- 
thoM'avaiiable. and records oh the 
Ptanning Booklet or Planning Sheet the 
code for thVactivity and the date oh 
which he does }u 



Given a CMSttte end a cassette player- with 
htadphbnai, the studeht Inserts the cassette 
into the player, puts ori the player, starts 
and stops the tape, adiusts the vplume, 
turns off f^ttplayer, end extracts the 
cassette from the player. 



LevelA 



Using hts Planning Booklet or Ptanning 
Sheet, the student Identifies the acttvi*^ 
ties ht is to do and obtairis the dtsig* 
nated materials nead«d;tpori cofnpleting 
the activity , ht returns tht materials to 
the>r correct storage pIkm. 



*Ob|ectives to those 
identified by deveiopers, 

*'Devttoo#rs objective rtwbrded 



ERIC 



When giveli the opportunity. to work In 
science; tha student obtains his own 
folder and proceeds to work eccordirvg to 
the (nformatioh iA his folder« 
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CHART 3 

. Curnculgm An^ly^I^ pf ln<j |v]tfuin»d Sci e n ct; Hterarchv of Student Co.^vit.utlnn r.r^f ^\ 



Termmal 
Goal 111 ' 



Th« ifodtni pltv» a major rolt In •>«luaflfMi 
, mt^quaUty, t xtwt, and rapidity of hii rMrrtir)^. 



J_ 



. Th« student MiAlyiM hit tMt arvl •vaiuatai Kit 
progrtM, ttlactlrig appropriatt iratructlonal 
activitiM to halp htm faarn cor^tpts or tkillt 
hahatnotacquirtd.* * 



IL 



Tha f tudartt ditcutm hit irtitructtonal raq\ 
mar»ti with hit taachar«cooparata« In avalui 
tion of hit prasartt atutnmarttt and futura 



Uvel E 



Ltvei D 



A(iaf complating and corracting d unit mastary' 
ta«t and glvtn a IHt that raiatat quastiont on 
tha tatt to topics cootidarad in tha unit, tfia 
ttodant idtntlftat thota topics ha or tha hat not 
laarnad Mtitfactorily* 



Upon complation of tha analyiit of a unit ma; 
tary tatt, tha itudant um acttvitiat rdatad to 
tha topect rwt laarnad MtitfKtorily to dailon a 
ramadlal iMrning plan and dttcutm thit plan 
weth tha taachar. 




Af a part of participation In an Altarnativa 
Pathway unlt,'iha ttudant in a Studant-Taachar 
Confaraoca mfun hit or har accomplithmantt 
in tha unit artd tuggatu wayt In which hit or 
hff work in tha unit might hav« baan inaprovad. 



LevetC 



Aftar corracting chackup ha hat takan or 
aftar obtaining tha ratuitt of a unit mattary 
tait or activity, tha ttudant Idantiflat thoM 
topics ha hat not laarnad latitfactorily and- 
partictpatat with tha taachar In making a da- 
cition about w^tthar or not ramadial IntUoc- 
tion it nacastary and, if to, what form of rtma* 
diaitnttructiotiha wiiltaka'. ~ 



in a unit wht ra a mattary tatt or activity it", 
availabta, rl-a ttudant participatat with tha 
taachar in making a dKition a:>out whan ha it 
raady to atttmpt tha test or activity. 



Aftar complfting a chaekop and obtaining a kay 
■ for It, tha Jtudant comparat hit complatad ^ " 

chackup with tha kay.atsignt point valuat to 
- corract %npmn, artd calculafit hH total points - 

for tha chackup. - - 



— ' ^ -V > - - - 

In a unit with ona or mora intarratln^ch^ckupt 
(M., a chaekop which tiat to«tthar the cdfttant 
.of lavarai Iatt0()t, raadin^i, apd/or othar a<i.vT; 
tiasi, tha ttodant participatat with tha taachar 
in making a daeition about whan ha it raad^ «b > 
work on « chackup, _ " " 



Aftar complatJng a Placamant Tatt artd obtain. 

ing a kay for It, tha ttudant comparas hit an- 
-twws with tha kay, aMigns point valuat to 

corract anttMrt, and calculattit hit total pointt 
. for.tha Placamant Tatt. 



Whiia taking a Placamant Tatt (takan bafora 
baginnlng study In a unit), tha ttudant alactt 

, toafwwaranyquattion for which ha knows, 
tha ahftwar or omits any quattlon for which ha- 

..doMHotkno^A^ thaantwar. ^. 



Lavel B 
^Uval A 

*Obiactivat addad.to thoia idarttif lad by dayaiopart. 



Tha Itudant corractt hit work on talectad 
booklat pagat uttng a kiy: 



^ Aftar complating a tatf <hack paga lidantifiad^ 
. by a kay around paga numbar) in a latton 
- booklat, th« ttudant comparas his antwars with 
thoaa^^n a modal paga which Is complatad . 

_corractly, " ' - 



er|c 
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CHART 4 

Curriculum Analysts of lndtvi'duali?ed>Science:-Subqoal$ of the-Affectwe Gcjt - 



Terminal 
Goal IV 



The student displays pojUive atti- 
tudes toward his study of science 
and sT-enttfic I'nqutry and an ih< 
formed attitude toward the 
scientific enterprise. 



^Vlft>tn observed in the cisssroom, 
f thf student demonstrates that he 
tnioys hts learning experiences in 

^iciende. 



3.0 



Attitude Toward 
Science Learning 
Experiences 



When questioned about science 
and scientists, the student dem- 
onstrates that he Is developing . 
aa informed attitude toward 
science and scientists. ^ 



4.0 



Subgoal iy-2 
Attitude toward 
Science & Scientists 



When questioned about his learn* 
ing activities m science or being 
observed in the classroom, the 
student demonstrates that he is 
developing ah infornied attitude^ 
toward scientificJnquiry* 



4.3 



SubgoallV-3 
Attitude Toward 
Scientific Inquiry, 



When he is being observed in the 
classroom or'questtoned about 
his Ideas, the student demon* 
St rates that he li developing a 
commitment to inquiry as a vvay. 
of thought. 



Subgoal 1V.4 
Attitude Toward 
Inquiry as a Way 
of Thought 
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CHART 5 



Cuffkurum Andlvttt of lodrvl dutlifd Scitncr Hitf rchv of the Affective Subooil 
AnitudtT owyd Scitnca Ltacnlng Exptfitnc<s 



VolwAlwily mtkt ««kt)v« •etivitiw. coo- 
• eptioA« qimtiefw ami pfobim in 
If and rapbm on Sci«m» or tcWflct-ro- 
lotid Informotioo or aciivitbi ht hm 



M#i«n obiMd tn tfto dtMroom. th« itudtnt 
dimoAnrttM th«t ho Hovt hi« i«orn}n| 
•xporSoncoi In wlonc*/ 



TokM pfictoln tho cora with which h« 
cof riot out hl$ wtonco ItHoni tnd octivittM 
•t ooeh IS Itvti • 



DiipUyi Mtitfoctton in Comp>ttin|lcitnct 
tmont «nd f iivk pit Murt m cor rying out ' 
option*! invMtiffitioni in IS * 



Voluntirily ropom to tho mefm or o^«f 
•iMdinti coneomtni i^lonct or tcl^- 
rtloM tctMtlM ho hot iMn or dono. 



T«kti pric* In doing cartful work on Wi 
K»tneo iMionc «nd Ktivit>«t. 



Fmx>i piM*uf» tn ctiTviof out imoll ln*oitl. 
mooi. M roprtcontod by tho "SuffNtion* I 

'#0f oih«f EnploratioofSoctio^ii of Uvol C 
MinEa ondin^tlntioniln IT£i. *" 




- : 


Exhibiti pmond i 
-cornptttM hlSKitr 


•thfoetionwhonhor 

iCOlMIOftt^- 



•J 



Voluntarily conildtrv Qutition* md pro- 
' Wofrtt Ifi "•omo thinp to Ihink obouf' 
••eHon* of UmI E MmEa'f. 



Votumiriiy workt on odAtionol olktivo 
= actMti« (Mdi m MiAC».$Ai;RiSi« 
■•11 At. fudir n m , im k» bookt) or chbotot 

«o worh on an illornotK* unit. 



8.3 



•4 



-TiklH pitMurt Tn ctrrylng out $m»ll Invwti* 
~ 9*tioni n r«prM«nt9d by O MmExi. 













1 




r 




T«liM prkit fn doln« cartful tvork on hti 
tdonca Itwona ind aetMtitil ' 


BJ3 


EKhibitt ptftonal Mtlifactibn whtn ha 
comcMMtthiitcttnct tatftorw 




1 - . 


1 


(Qiirt S conttnutd on ntxt ptga) 
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CkartrS (CofitM) 

'° . i 



13 



1^ 



tit^tn^ inXInntliim fcMti) or 
■hi MM 10 woit OA on •liervwthM UAlt. 



V«IUAltrUy riHm Mt^HwMMr or to 
wy^HHi maoothImii ttio^Mo or 























• - 

TolMplMnNolAca 

WiMMifMiont OS fOf 


frylniOHtifiiilL 
n>lim<>y tMiiC 












: -1 




rUvtic 




T«kM prk3i In doiftf cv«tvt work on Ml 


■J 


COfllp(t«MM«MlOM 


ItlOIMfll. 



flltV, SiGo or rw*«tf acionco boob. 



Tftk^Vldt in dolfif oortful work on hk 



■3 



i,Uol i/tuc*> at U«. and SUA* or 
rot* Kitnco book*. 



•J 



UvtIA 



CxMbm porMfMl MtlHlMlon « 



•J 



Vbiunttrily MOki Htctlv* KtMtiM {SA< 
•MdSIIA4)townrkon. 



6.2 



'Cb|«cMf tddMl to tKoM idtfltif ltd by dtv»io(Mn^ 



r 



CHART 6 

Cuff iculum An^ivm of ind>y>du<l>Md Scttf»c>; Hiffchy ftf th» Atfactivt SobootI tV-2- ^ 
Attitudt toward gg*irfW!f yd y.*nf ?^tl 



mit;th« tiMdani tftmbmtrtm th«i Nr it 
di^opt«<t WttomMd •ttftudts tovatd 









Tilt ttyd«m k tti«Mtjt« 10 iM1nHMn«Act 
- 9^ «ht ttytfy ot'lKt f^iwfii woHd M tM 


3.11 






; nwd«nt •cctpti th* iMrnlnf of Kf ' : 



A.3 



3.11 



«ctMtv tfl'tclinc* H iht iiudy of tht 
Mtuftl world r 



3.11 ~ 



3.4 



tiudtni H ^^¥^ ib difffftncM In id*; 
cniittiM indtvidiMit ond In wKtt Ihoy- 
iiudy. 



Tht iiudtni (••I«r1 to di1l«r«ncM In kitn- 
tim M lf>div(du«<« and tn whtt ttiidy^ 



7)^f itudtfti k awort that thart H am innrf- 
dap«nd«oct of ictancf tachnology and 
tocttty. 



Th« itutftnt Hlncfaacihi^y mmt* tttai tti« 
prkntfy ociivity in ic'i«nco ii study of tht 
nMuni wofid. 



Tht itMdtAtH locrtMinfly *mr% that atl- 
tniim dif f«r t?irMividMl ctviftc t tr liUoi 
tAd in Mhat thty iWy. 



Tht itudtnt h cbnK^ n of ton* Jnttf 
rttationahipibttwttn'icttnct tnd 
aocitty. 



A.1 



3.11 



Tht Itudtnt It mcftc^^y tw«rt that tht. 
ptimtry activity in tdtnct it study of tht 
natufMwortd. 



UvttB 

3.iir 



' Tht studtntj Iny ttatnfly mm% that ad* 
tntisttdifrtTwrlndividuti chtraeitrittio 
and in wh«t thty study. 



A.1 



Tht studtnt ftcofmm that th« pf imtry 
activity of tcitnct is tht study of tht^ 
nstufai v»brid< 



UvtIA 



3v4 



Tht ttudtnt drt0(ayi_twarantaa of aom* ~\ 
difftrtnctt tmonf acitntiata aa tAdMduala^ 
•ndlin wh*t thty ,ftudv,L 



A.1 
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CHAPT 7 



Curriculum AnXyttt of lndiVidu»l iied Sclehctt Hierifchy of tne Af fxtivt Subooal i V.3 - 
Attitude Toward Scientific inquiry 



tCn (••rnrrtfl >ctiviiitt In 

KttAMOrbting - 
ofaMTvadin th«c<Mi* = 
room. ih« ttud«ni dtni( 
Oftttram tKat KtArvt it^ 
divtloplns an fnfqrmtd } 
•ttitudt toward 
ic> tni if ic log urr V« ' 



M«&ti trtitrprttaUoni 
of o6««f\^t»oni and data 
obtained tn aVparimantt 
w^tn aakad todo to. 



Complitt with tuggti' 
tlont to maU cac tf ui 
olMarvationt Mhan ha it 
Working tn loanct. 







flaaiiitt tni 

lion of K»t< 
ry it to axp 

^ioot» 


t ona func> 
^tlfie thao- 
*tn obtarva: 



4.1 



44 



Comp^iat with tugQMitont 
to make cartful maatura* 
mantt whan ha/tna it 
working in scianca; 



ft aiart to tha function 
of obaarvatront-aod dita 
- obtainad in an axp«ri< 
= mant at a tatt of tha 
hypothattt whkh an> 
gtndtrad tha axpwi. 
^ mant, < 



4.1 



li iftcraatingl/ alart to 
tha accuracy of ¥vord< 
andnufmbart h^/tha- 
uMi fof datcrlbing o6- 
tan«t>ont whan ha 
ti working in tcia(\ca. 



Racognitai tha* 
tcianttfic knowfadga tt 
curnulativt. 



Baaliztt that tc»antific 
knowfadja ft man^nad• - 
•ftd that tha fdaaa whkh 
maka op aciantific kr>o«¥l- 
•dgairtaJwa/t tubiac? : 
to ravition. 



I 



.--iUw 



Chart'7 continued on 
A«x!pa9«. 
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Chirt 7 (Cont'd) 



t: 



Lookt^for Tnttrpftu* 
lioot oi htt/htr otxMr* 
vttiont and Of dau 
obtirmK) in axptfimtntt 



It Mntiliv* to innpo<« 
Unci of rn«kiA9 e«rtful 
obMfvtTiont }H*\%n ht/(ht 
it wor kir>o i n scitncc. 



Level O 



A3 



It •lert to'tht »ccuf*CY 
of vvordt end numbtrt- 
ht/ihe xntt for dncnbtng 
Dt)Urvi|ibn( when 



4.1 



It Untitive ij th« rm- 
pofltnce o' mjking 
careful rhcMUfemcnu 

woik»)»9%n Ktence. 



Accepts that th« obc«rv»^ 
tiorti and data obtained 
in an cxptnmtnt Mrvv 
at a'ttit of the hypoth- 
nti w^ich tr>gtr>der»d 
the exptrirmnt- 



RMliiei that ona fur>c« 
tion of a Kttmif « t hech 
ry [t to txpf^in oUerva- 
t»o»M. 



Rko^] let that Kiefitif- 
K kncMvledoe it cumuli v 
tivt. 



Raafiift that »ci«ntif(C t 
kn 6 viH td9« 1 1 rna nVnade 
and that tht idear 
which mail* up Kltn* 

-ttfic knowf*d9* a*e 

i^alvyayi lubifect to 

. r«vt iion^ _ I " 



It willing to makcTnttr- 
pfettlioni of hti o4M«r- 
vvtioni and of daia 
uinad In cxp«rim«ntt> 



It «viUir>o to maktcart*^ 
fuf oUeiwitfOftt whtfl 
ht tt workfn^ in KrenctX 



Level C 



It incraaaingiv t«i>titiv* 
about utingaccurate*^ 
wordt and number t for 
deter *bi ngobtarvati ont 
when wof king in tcktnce, 



It willing to m«ka carf 
fufmfaturementt when 
working in tcience 



F^eaiim that the observa 
tjont and data ob lamed 
in an txptriment Mfv* 
at a'tett ol the hypoth- 
etit which tr>g«ndered^ 
the txptrimant. 



Levers 



It comoout of th« im* : 
por tance of /na king < , 
careful obttrwatioot* 
vA\9n working in tcrence. 



It contcrout of the f»ct 
that experimental work 
Tn icitrKt It often 
lengthy, trdiout and 
arduoot. 

~ ' 1^ 



O^lopt tome scntitiv' 
ity touting accurate 
wordt and numbert det- 
Cfibingobtetvaltont 
wher> working in tcitnce 



Recoqniiet thatitit 
»m'poftani lomake care 
ful mcatur«rhcnit whert 
working ccience. 



4,1 



Recogotiet that it it im« 
portent lomake obtecvs^. 
tio«>t whan wOf kirg in 
«c*ehce. f 



-LfvelA 



Realim that measure- 
ment proyidet a way of 
detcribing obtcfvaiiont 
wtth greater exactnett 
than wofdt. 
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ERIC ' 



Curriculum Analysis b( Individualized Science: Hierarchy of the Affective Subgoal IV^- 
AttitudeiToward Inquify as a Way of Thoug ht 



iWhen heJj being observed in the 
dassrpom of questioned about 
his ideas.-the student demonstrates 

-that he Ts.developing a cdmrhitment^ 

'to inqufry. 



4.3 



Subgoal IV-4 



The student lco»»s for questions to 
ask as a means of initiating inquiry. 



*j Level £ 



4.3 



A3^ 



The student is sensttivelto the 
importance of making decision) 
about the mearis of answering 
.posed questions in order for 
inquiry to proceed. 



4.31 



A3 



The.student is.alert to finding an 
alternative procedure fpr investi- 
gating a problern jn science as a 
posibte contribution to the pro- 
grcti of inquiry. 



4.31 



A3 



The student looks for ways of 
extrapolatrng frorn his exper* 
iences in mvesttgatir)g one prob- 
lem in science to planning an 
Inquiry into a tirnllar yet differ^ 
ehtproblern. 



4.3 



The student is disposed to ask a. 
question asa way of initiating, 
inquiry. 



Level 



4.3 



A2 



Thtf student is willing to decide 
upon some rneans for answering 
posed questions tn order for 
inquiry to proceed;^ , 



4.3 



ERLC 



The student realizes that asking 
a question is a way of initiating 
inquiry.^ 



)velC 



4.3 



Al 



4;31 



A2 



The studerhsis inclined to pro- 
'poie an altefnat>t<^rocedure 
for investigating a problem in 
science as a possible c6ntrtbu< 
Jtion to.the progress of inquiry. 



A2 
4.31 



The student is conscrbus of the 
. possibi lity- of extrapolating - 

f rorn his experiences in invest!- 
.gating one porblerh in scrence 

to planning an inquiry in tola 

SI mil 8 r k i n d o f p r ob lem . 



The studeprrealizes that some 
means of ansyvermg questions 
must be decided upon for tn> 
quTry to proceed. 



4.31 



Al 



± 



"The student recognizes that 
proposing an alternative pro- 
cedure for investigating a prob- 
le m i njsci ence m ay^ co n t r ibu te ' 
to (he isrogress ofJnquify. 
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'CHART 9 

Cufncutum Analvstt of ln;iiY?^ i^iari>,>H g^^ ericc. Subonals of the Ing^itry 



: The Student is skillful m usmg: = 
the processes of scientific in- 
quiry and is ablejo'carry out 
InqmYies. 

Terminal 
GoalV 











When working oh science lessons 
;or activities (for Levels D and E), 
the student uses appropriate 
procesj^ of .scientific inquiry. 




The student demonstrates that 
he is progressing in developing 
'his ability to.carry out inquiries.. 



. Subgoal V-l ^ Subg6aUV.2 

% Procc«ejof , - Ability to^ 

Scientific, . Carry Out 

'"^^^'fV , Inquiries' 



CHART 10 \^ 



Curncutum Analvsit of IndtvtduaHzed Science; Hiertfchv of ttie Inbuifv Subooal V*! — 
tit^nf'AnnrQQfratg Pfo reKei Qf Scientific InauIf Y-^ 



-When working on (Cfenct Ititoni or 
•cttvii<ti1((6r Uyt It 0 and £h tht 
«u4eni UMiapproipffate pro<'eirei 

of %cl«ni}iic inquiry 



, InwrprMi ob«#fyfd dntn^ )n\ 
photo Mfttitiv* p«p«f M b«|ng| 
- p~fOduc«d by light tnergy, 

Joul* (•n«rgy) ( 



teveJ E 



D03 



; U$*<.0tn<f_vationi of tha vjbra* i 

tfoni 6i • cfarnptd backtaw 
J btada to rKognIzo t ha relation 
^ of sound energy to kinatic 
energy. Joule | 



RocognUes the energy con« 
vtrilont that take place when 

-ayteem-p'ropeWed piriwheat . 

, lyitern^i tn operat'oni Joule 



D03 



\£)(p{a>ni otnervationi of 
diffuifon fn lermi of the 
/nbvtment of mofecutes. 
Beaumont {dloWtlon) 



Calculetet thc.heat energy add' 
rad to a given rnaii of water 
heated byran alectric^current 
Of-by a burriing fueL " ^ouU t 



Measures the amount of 
electric current produced by a { > 
^ pile containing varying | 
numbers of penny -fyapar'ttnc 
clics, Jbutt 



3_ 



Dpi 



Measures tamperatura change 
of a sampfa of water heeted 
by a yichrome wfra In which 
an elactric current is flowing. 

JouU 



803 



Records observations on the 
effects of pIuckTng varyfng 
filrjgths of a cram'pfd hacV- * 
-sawbfada. JouU 



Observts changes In photo 
sf nsUi^ Of colored paptf 
When «i IS ex posed to l>ghi< 
Joul* 



^ B02 



Carries out tests for the 
.riutriants* itarcH, sugar, fat, 

protein, mTnarali, VIl.C, and 
«watar. Volt (nutrition) 



Uses a calorimeter to detar- 
mioe the haat energy of a 

food, volt 



* Oascribat observations of ari^ 
' Investigation of a simple 
I'suger diffusing through a sami* 
■ permlabia membrane. 

-B#eumonK 



Observes the effect on paper 
clips of an electromagnet 
when electric current IS and 
IS r>ot flovyin^in U. 

JouU 



ReadsJnformation shown on 
a nutrition chart. Vojt 



Observes the effects of = 
different tastes at various 
sites on the.tbngua. 

Dccumont 



Observes thv diffusion o' 
ammonia gas^ Octumont 



ERIC 



I - 



ChaM-IOcontinaed on next page. 



Chart lb (pon^d) 



inttrprttf <^tfv»Ji»n$.o( 
'•xptrimcnls to deltrmlne 
which gas ]n the ilr.Is n«c« 
efuryfpr inimtU if ~thpy 
•rt iD.stty.alive^ 



Level 0 



Obiervas thal the gases an' 
ammat breathes but Is diffff 
•nt ffomnha air breaihed Jn« 
Haldana. 



Observes that animais need 
atrin oiUer-tD'stay aUv0« 



- Ult th» kintt tC'Ridacutar 
'.thfory lotxpism iha 
prCptrtitt of the thr#« physical 
^states of water. D ^ 

Oatton Utdmt ahd motMuItt) 



Uses the kinaiicimolecular 
thaory to explain th« tuble- 
maifon of naphieiena/ 

- Dal ton 



^ Formuteies.the genefelization 
that rnolecutes are small pieces 
of matter ioo Hitie to be seen. 

^ OaUon 



Ihierprets observations of 
-waier^ugaf ioJulfons by 
siaimg that motKulei of sugar. 
althougK too smali to be seen, 
still have tha qualities fe.g., 
swcatnett) of sugar. Oaiton 



ERIC 



Chart 10 continued on next page< 



-jFormuIatei the generaUzalion 

that a candle IS d fuel and that 

fgefs fonctltyiin the Mm»way 

: f as A candle {f>e,, rteeds pxygen, 

^ produces water, catbon dioxide^ 

andVnergy}. . , * . » 

. . _ , , travolsUr f burning) - 

^ - -^ . — . . ■ j ~^O0G 

Formulalet the generalUatiorf 
that oxygen is necessary for a [ 
- fuei lobjrr^. LaVolnar 

r ^ -I _ OQ6 

interprets the events observed I 
1 ' wt)en a candle burns fri a 
' closed system, Lavoiilar 

- . - - -1 I - ^ 003 

- Meesuret length of time a candfe' 

- buries in different'Slfed doted - 
; contalneis, tavolsfar- 



I j 



ChartflO (Con 



Level D 



-(X)t«rvtf (hci iu0ar Ji iilti pc 
f nt, •Ithough rnvifibtt. In • 



r Obitrvti thct wit»r r/ipofixn- 
mori qukUy wtftn hMttd. 



L 



: ObMfves dtHuifon of • cojortd 
^ luuncncf )n wsttr. OaSton 



V^^^nlworWno on ickhct ItMoni or^ 
• :tMtItf (fof Uvtl'C), th# ituB«nt uiti- 
- '«i3propr}it9 proCMiM of tcltnco InquTr^^ 



iOt^hbet whii hipptni to • 



Obstrvts that vtmter, carbon 
dtoxidc^and energy atf 
f«(Mied ^«n a candlf burnt. 

Utvolilar 



ObsarvM tha parti of a cahdit. 

LsvoiiUr 



teveIC 



rrtttfprf ti tna reiutti of an 
inttracU&n of a chamlcal tub*' 
; itanc* with an jndtcatof to 
dattfmlna whathar tht ' ♦ 
lubf tanct U actdic of baik< 
eikk {ch*rnlca)_tv«tan^i) 



Oefcribf I tha int«r»cUoni on 
an acid or a b««a with an 
r indicator. ^ qikIc 



802 



^Obsefve* the leytriibiljty of 
p^rtlcufAf ch9fn!cal fnterMtloni. 

^ elicit 



801 



Intirprati obitrvtd axpartman« 
tal rtiutti ai ayldarKt that an 
Inttractlon htf oocurrad \n » 
chtmlcal lyitam* 



Intirpratt obt«rvtd changai in : 
..a lyttf m at Intaractioni of Iti 
lubtyittrnt. 
VaMtlui (lyltami) and Slack 



Datcribai manlfaitatfont (iCich 
aschango In color, tamptratura 
or foffnatlon of a pr^lpluta) 
which o!vff< av(danc« that an 
Infaraction hai'occurrad In a . 
chemical iyite<n/ 'Slack | 



Matturts dtan^ailn ta*mp«r« 
atura to dartrmlne if an 
intaract(on h^ai occurrad tn a: 
charntcal lyittm. 

V- . Black 



D«icnbM a ly I tern by coniiH' 
'ering all iti lubiyitemt/ 

VcisHui and Black- 



ObtervM inter<>ctioni in 
lystemi^ V*ta]iui arid Black 



Chart lO'cqntfnued onntxt.page, 



CKart iOMCpnt«d)= 



Uvel B 



00 
to 




T 



MtMurtt tht tf ngth of ^n^ ~ 
6b]*cX, Mtng th* mttric ivSttrtT 
, un!w of mt Wf.Vtntlmtjef, 
•rid miillm«t«r. 



MtMurM tht ttmpefaturt of 
«n objfct tiling d«9r»ts- 



IE 



MMiurri tht m«si of in_ object- 
wing the rnetric unltiof 
kilogram and grarn^ L*Qr«n9* 



MMsuret the volume of an 
obifct uilng the metric lyitem 
unid of h(er and milhtittr. 

L«grang« 



UiM kihttlc-molicultr theory.- to axptaTn 
the prooertiei of fhspe and comprMiibtl<rj 
ity unrqut to wlid* or Mquldf gestt^ " 
^ ^Curlt fphyttcel •tew) 



-E03 



Dctcrlbai the phyiTcai proper tiei com^ 
rDon to all matter and un^que to loljds 
or Kqufds or gaiet* Curfe 



B02, 



dbfervei the phyiical proper tfet common 
to'aii matter and unique to io\\(h or 
llqutdi Of iitn,' CuVr* 



Formulate! the genetaUiatlon.baied dn^ 
Hooke'i Law, that *pr]n9i and other 
lie bodlei extend proper troneiiy to the 
force exerted on_them< Hooke (fo>cet)_ 



X 



ExtripoUtet beydnd actuat obtervatiom, 
and jnterpol a tet between obfervatloni on 
a Itngih\». (orc^ $>ar graph for^a ipring 
which obeyi Hooket* Law. <Hoo*(«- 



Recordijtreeti 
volume, and 
approprlaW 



urerpesvu of length, rnasi. 
ternperature usTng the= 
,noniT}on. Lc8ren0« 



W^en workfng on •eief»ce'le»iqni actlvi' 
tiej (for |-»V»I BJ, the itudent uiei ap«* 
PrqpfFate proceiset of tcientUic Inquiry^ ^ 



Ex trapofatet beyond actual 
obiefvationt and Interpolatet 
between obteryatfohi on e Bar 
graph depiction growth of a 
pUnt. Burbcnk (cftttifylng) 



Chert to continued on next pa6«. 



I I 



Chart l6-(Cont?d), 



Uve( B 



00 



Ihttrpftts • Itngtti vi. fore* bar graph for 
a tpring ^(ch obtyi Hookn' JLj«^; 

Hooka- 



003 



Racotet tba langth of a spring ai a fuoc- 
trbn of tha foixa'appftadVo tha tprrrig. 

^ * ' - Hooka 



Maaaura* tha changat in tha langt^of a 
ipf Ing v¥han forca* of varfbua-magnjtuctft: 
afa app^iad to tht aprFng. ~ _ Hooka, 



Daicribat tha changaa that occur whan 
a f6fc« li appiltd toa tprlrvg^or balanca. 
- J— '-i. r \ Hook. 



CNbaarva* tha changas that occur whan a," 
forca ii appiiad to a ipring or a baianca< 
^ - \^ .\ Hooka _ 



f niarprati a bar graph daplctir>g 
tha chartge i(\ltngth of a graen 
piant over ifma. , 
- Burb'ank (cttiiKylng) 



Racqrdf tha iangth of a graen - 
^ant ai a functjori of tima. 

V 'Sgrbank 



MaatufM tha ch^ngat In length 
of a graan plant ovar tima. 

Surbink 



Oe»cr1bai tha groM itructura of 
a graan plant. ~ Surbank 



Obiarvai tha gr bis itructura 
^of a graan 0\inU Bgrbank 



Sorts animals on tha 
bails of moda of ra*: 
^oductfoh. Burbink 



'Sorts plants on basii 
of tcofoglnl nicha. 
^ Burbank 



BOI^ 



jSoits bbjactJ fn a thraa-- 
Istaga cfacsification by 

(making tha foltovvtng-^ 
aatsj haiura^man'mada, 

(living/non~4iv(hg, plants/ 
fanimalii ^ Burbahk. 



Tba itudani ums appropriata procassas 

o( K[ar)tlflc Inquiry for Laval A KtMtiai. 



Level 



Ordari objacti on the baiti of 
a lalactad proparty or charae* 
tarin{cit:Oinr»o (obtarvatfon) 



Maaturai a t!ma Intarvtl. 

MIchaIion:(m«aiurfn(}>- 



1 



f<^aiurei Iangth, voluma or 
temperaiura of an objactT 

MIeh«ffo'n_ 



^Detcrtbai hit obsarvationt using 
acpropriata language. 

^GaliUo 



eo3 . __ — 



Racords obtarvatloniand 
n^aiurementt. 
„Mfeh#|»on 



I Chart 10 continued on oaxi page. 



j - - - - B02 



13 



^Chart 10 (Cont'd) 



SOfli objfcts Jriio If ti on tht 
' bMii of a Mifcted pr optHv or 
chtracttfiitic. Gtlllto 



Obitf ^.1 «n obI*Ct't color, 

_tMt9, sound, m»gnftic^pfop«rty 
«ndd«ntlty< ~ Gtilltb 



1_ 



: B01 _ 



00' 



Level A 



prd«rS oblfctt on thf btU of " 
a s«f«cttd pfoptfty or 
-^chtractflfitttc, 

_ - ^ SImpton-ftortlns) 



Oticribes observstiont 
uting appropriitt Itngutge* 

SImpfOn 



31 



Sorts objects Into sets on the 
b«sisbf 8 sheeted property. 
or chtrkterUtic. 'Slmpioh 



Observes an objeci't color, 
sh*pe,rfi«tivesrze, odor; 
^ t«tt, sound, magnetic 
property.and density. Slmpsonj; 
" ~ TTZ ~ ,801 



64 



CHART 11^ 

Cufftculum Analysis of Indtvidmllzed Science Hierarchy of the Inquiry Subqoal 
Developing Ability to Carry Out Inquiries- 



Tht itudtnt dvmomtrttM th«t hi h pro* 
grming In dtvvlcping hli ability to carry 

-outlnqulrm. 




-Th* itudant pom pfoWtrm »%hich can bt. 
iolv«d i^th givtn procacturti and/ or 
matrials «nd propom mathbdi for thair 

lolutfon. '-"^ 



tvtii 



•vti 0 



: -Th^ itudant athi a quMtloh that ^M.6c« 
currAd to him at a rtfult of rtdting hii'«ii« 
. parlt<fea« In ooa (Ltvf< D) faarn}f>fl activity 
] (f L;MinEx, RiS, SAljvtth Kit axp^rK^XM 
fn ooa or mora bthar Itirning Ktivi'tWii 



Tha itubant oropow prxadurai for in. 
vt»tlj»t[nQ problami .• " 



Pom a problani or a c 
batn Vrmntad to him 
jnvfttlgatad using a ip 
of thatypa uitdin thi 
iTEiof thf C<9val i w 


UMtion.that hM not 
andthatcanba 
eclfic sat of material 1 
>MinE)tt.-|Lsand 






Extrapolatat from hti 
gating a fpacif ic probi 
»ir. iar vtt diffaraht t 
'-'Sc^eaitlcm f or oihaf 
•action of.a MIriEx of 


axpaflancMjn Invaiti* 
am to work on a- 
roblam praaantad In 
Exploratlona" ' 
tha taytl E units. 






jniaitudantpoiMap'rbbiamor aqutitron : 
that haTnot batn prvKntad to him and 
that can ba Im^lgsted uiing a tpacif ic Mt 
of matariaN of tha type utad In tha MinExi ' 
and 1 U of tha Lavolilar. Oalton and 
Hatdana unitt. 




F01 



004 



Tha itudaint axtrapblatai from hli axparl' * 
anctt In invtftlgatlnga »pac(f(c prbblarn to 
working on a similar kind of Pfoblam pra< 
•antad 1o tha /Thingi to Think About" 
^taction of a MinEx of tha Lavoiiiar^ Dalton 
or'Haldonaunlti. 



004^ 



Tha" itudant propoiat and otti arnathod of 
hli own chooclhg to Invattlgaia a partfcutar " 
pfOb(tm poaad in a MlnEx of tha Layoititr . 
oi.F<aldana units. * 



- C03 



Tha midan't dmrlbas a potsibla mathod or ~ 
aarlaa of procadurai for finding an answer 
MO 8 quastlon vi^lch has occurred to him. . 



• C02: 




85 
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Chart! 1 con'tinbad on riaxt pa^ 



Chart 11 {Cont'd) 



Uvel C 



The stcttent dtscribet a probltm and a 
posslblf mtthod for iti solution by making 
m«aturem«nti of Itngth, voluma. mass or 
tempera tura^Th* stu<}ent designs a novel 
procedure for itcordmg a stmpta sel of ' 
data. 



The student asks^a quettton that has oc« 
curred to him as a result of relating hrs ex- 
periences in one Itevcl C) learning activity 
(lesion^ MinEx^. Rl$, or SAJ to his expert" 
ences m one or rnore learning acttv^tiet^ 



C01 



The stu<}ent propOMt an a(t(rnativt nrtathod 
of in vtitigating a sp«cif ic probiam of tha - ^ 
type presented in the MmExs. 



C03 



The student posei a problem or question ! 
that has not been prt«entfd to him and that- 
can be investigated using a specif ied sat of 
m«terials of the type used in the MinEx anc 
.lessons of C units, ^ 



C01 



Objective added to thoie identified by developers. 
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CHART 42 

Cuf ficulum Arn!ysls of Individualized Science: Suby)at$ of iHe Scieniiftc Uieracy Goal 



Terminal 
Goal 1 



'The student acaulres • foundation of 
^scientific literacy. 



The student describes obieryations 
with terms drfiwn from his basic 
vocabulary of scientific words. 



The student understands some of the. 
Important concepts, principles and 
conceptual schemes of sclent^; 



The studentunderstands significant 
ideas related to social aspects of 
science 



The student ufKlerstarKJs significant 
ideas related to scientific inquirv* 



SubgoathT 



Subgoat i-2 



Subgoat t>3 



Subgoal M 
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CHART 13' 



Corriciiium Anaiyiii of Indlvldmlittd Scienct: lliuttritivt Hierarchy of Scientific Termihology Subgoal l*! ^ 
■ ' " ~ " ^ Metsurement Terminology^^ ' 



-T>ifl «tud«ntdtKr»bfc hH obMfvationi ' 
.•nd txptrttneti utlng'spproprlate 
units of m«Murt. 



'Tht ~ttud«nt iutM that tht only etrtain 
wwy to dtttrmjnt Wileh ont o' t pair of 

' f|x}*_yidy<t> thtgrMttr caforit r*qulrt> 
mtht ft by m«Murtmtht. ' _ 

- ~ Volt (nutrition) 



^ itud«nt uses appropriate utats of 
jncasuremtnt for ternp«rdture, h»»t 
er>«rsy. rnatt. force and wo<k. 

JouT* (tnergyl 



00 
00 



Given quettioni on a/rounts of 
ritutWenti Tn loodt trxS a iirnpli' 

fled nutrition chart, tht itudent 
- ui*% apprbpreatt untti of mttfurt 

{n hii rt«pon««s. Volt~ 



Gfvenquettloni on ambunti of 
nutrients for a person o* ji 
^'vtn maci. the studerit responds 
uiing iq»propfiat« units of 
rneatura. Volt ; 



The student disttnguishet U«tween the eon^ 
cept of temperature and the concept of he4t 
energy and stetes^that temperature )t mea* 
sured in degrees Celsius and that heat energy 
U meatured Iri kiiocalories. Joule 



-Level E 



The student identifies the food 
- calorie as the standard unit 
usad to meesure the energy 
content of foodTand indicates 
that a food calorie Is the same 
Ma kMocatoriec Volt 



Gtvtn a description (written 
and illustrated} of a tempera- 
ture change In a twiker of 
weter; tht student calculates 
the change tn temperature in 
degrees Celsius . Joute 



Given dita o{> a ian)pte of 
witer of miss m (tnlcitogramt) 
at temperature t and told that 
heat energy Is added until the 
temptrature Is at t2. the 
student determines the quan* 
tity of heet energy_(in kiJo- 
cator7as) added to the sampit, 
J " Joul* 



J 



The student defines tht Recom 
mended Oall/AllovMnce of a 
hutrtent as that amount of tht 
nutrient needed~a«cti day to 
:kte0 tht body healthy. Volt 



er|c 



Giveh a description (vstitttn 
and illustrated) of a situation 
. Mhefe several energy conver tir>g 
systernshave different amounts 
of fuel, the student identifies 
the system MtiTch can release 
the greatest amount of energy 
and orders the systems accord- 
ing to their capability for re* 
-leasing energy. Joule , 



± 



Given a description (written and 
iiltiitrated) of twc> water samples 
of unequal mass in which thi.e 
are equal tncreases in tempera 
turt the studerit identifies the 
sarnple to which moreheatwas 
added.^Given a description of t.vo 
water samples of equal mass in 
whkh there are unequal fn< 
creates In t^peratu^e. the 
studerit (dentifies the sarnple to 
which more heat energy wa^- 
added. ~ Joole ^ 



Given a description (written 
and iilustrated|[of a situatkin 
M^ere two or more objects of 
equal mass are lifted unequal 
diitanceSf t^* student selects 
the object on tvhich more worK 
was dofie.. Joirte 



66 



Chart 13 contiriu*d onnext ; 



I 



Given a description (written and 
tMustrated) of the heists of 
several objects of equaf or 
^different rnasses. the student 
- setec ts the objects th at c an do 
the most, the least 6r_ equal Work 
when dropped ar\d/or the 
^objects which havt the most, the, 
(east or equal gra\ntatidnal 
energy. Joules 



Given a d<^rtption (written 
and illustratedl of a situation 
where two or inote objects of 
unequal rhass are Jif ted'equai 
distances, the student selects 
the object on v*hieh more 
work was iione. /6ule> 



Chart -13 (Cont'd)' 



Grv«n tha information that two or rnore uimples of 
aquai.voiumts of air wtre/oiiected at different 
alt:tudas« \he student id«nti.f let the urpple that has 
the g<eat»t inass end/or the sample that KAs the 
least nws. ri[Vd>n»/bVt<y>tnfl) 



Given sequcntiat bar ^aphs which ihovy changes 
over time in the.vo|umei of two or more gases, th^ 
student interprets the inforrnat»on ih'owh on the 



Leve! D 



The student indicates th« relative quantities oi ' 
nitrOQen, oxygen an<j carbor) dioxide in the air and 
thatihev •'e present jn'the same prbportrons in 
anv,tample of air regardfess of where it is cbUecied. 



00 



_L 



Given tha chemical svfnboJ of a mofecula, 
the student tefis how many atomt*and how. 
meny atoms of each element are contained 
in the nwlecule« / ~ 

gatton Utomi tn^S mol»cuf»i> 



The student fdentifies an 
element as a substance th'at 
cbntatrit only one Mnd 6f^ 
atom; ^ Otttonjf 



Tha sUident fdentifies a 
compound as a substarice that 
contains two or more different 
^Wode of atoms.. b*iton_ 



T 



Given a phenomenon that can be_ 
explained by the concept that matter h 
made up of vwy tiny' part id as called 
moieculas that are too small to be seen 
even with a microscope Ah e student uses 
this concept to explain the phenomenor). 

■ D<Hon 



- < 



-Given jars filled with air and containing 
candles the student estimate* which jar 
Contains inora oxygen whan one candle 
is I'ghted and the other is not. 

- - L«v6it|»f <buyoIoa) - 



X 



The student measures tt>e iir^th of tinie 
a candle burits in different>sized closed* 
systems. ' ^ L*vofil*r= 



Level C 



ERIC 



in working through h]s or her learning 
exper/ences in »cience/the student juse* 
correct chemical symbols and writes 
equations which describe interactions 
-appropriately. He /she mixes accurate 
anyuntt of chemical* at the tempera* ~^ 
turejn degrees Celsius Indicated in the 
drreciions< demonstrating appropriate 
understanding of measurement term^ 
lopiogy.? Black (chemical system) 



Chart 13 continued on next page. 



^Chart 13 (Cont»d) 



^0 

o 



Level C 




(2^'#n in unordtftd Mt of ch«mlC4t vybrd 
equations d«scrtbing vtrioui fntarocUons 
o f 81 Kk'i I irnft toftf cycl e , the s t u ()tnt 
-fdtntifltf en «,)uation th«t ckKnb'es.ther 
;Oft(>aration orqulck|im« or the fqrmattont 
of limtitorie^ ! 

* 8r»ck- 



Given a lift of common names of three 
or morechamlcal subitancn with their 
. cori esponding chemka! names and * 
;fioleou!ar formulai,end s<ven a'descrip* 
ti'on of an fhteractioh!nv(<]v{ng'th»e 
chemical subtttncet, the itudent V^hei a 
chemical equation for the fntersction 
uilng the* chemicii namef or'molecuUr 
formulas. * _ BlKk- 



7K«t «tMd«nt nrwesures a subsystem 
(eso^o^s) of his body systems and 
responds to questloits about cofpparatty*/ 
size and capacities of other subsystems 
(intestines /stomach) using appiropriete 
scientific terminology .for: measurement. 



T 



Tt«e student describes his ot?iervationrand 
fT»-jsur*ements of length; mass, volume and 
temperature ^^appropriate metnci'neasurement ' 
termlnologv arid records his measurements using 
tife appropriat) not^ttoli# 

!_ , taoreno* (matrfc meaturarrent) 



Given Hsu of metric units, the^stucjentjdentifics 
units of length/mass^ volume and temperature. 



-EH 



The student measures linear , 
dimensions and records them 
using the appropriate metric 
measurement terminology and 
no la t lo n L agr • n o • 



The student demonstrates that 
mass of an object and *he gravl' 
tatfonal force of attroction be* 
iwejn the ob|ect and the earth 
are directly related and that dif' 
ferent substance car) occupy 
equal volu'mesi? Lagrarifle" 



The student measures and 
records temperature in degrees 
Celsius, Lagrang* 



The student Identtfies com' 
paratlve relationships between 
different metric measures 
of yoiume * Lagrang*; 



iO^fl 13 continutd on f««xt p«( 



Chart 13^(Coht!dj> 



Using « meter stick, th« stu(}«nt 
fne«sur«s cnv sp»etfi«d dim«n- 
stop to the ntarMtxiintirn«t«r 

-•fld records his ans^r using 
the units for rhViers (rhl'^nd 
centimeters fcm) 

l.*flr«0Qt 



Givta a P!»ne figure ell of 
wtioie dimeosions are tess tha»^ 
ISjxntimeters, the student 
-iTieasures eny specified dimen- 
sion to the heerkst centinneter 
erid records h«s answer using 
the unit centimeter ^ L*gr«ng« 



Using • meter sticky the student 
nrteasuTVs env specified dimen 
sion lb the neerett^meter and 
records his answer-usIng the 
unit meter. U»ot»ng» 



Given e ^lane figure eli of 
whose dirriensions ere less than 
15 centimeters, the student 
rneasuretjny specified dimen 
sion to the nearest milltmeier 
end records his answer using the^ 
unit mifUnfeter (mm) Ctortnot 



Given containers of various 
si^ies whose volume does not- 
exceed 30 itjil<ititers,and 
mtUifiter cubes and. discs, the 
studeAt rneasuras the vqturine 
of the ?ontaih> id records 
hTs answer ustn; unit * 
mil I il I te r- Iml K l « or 4 n j« 



Given an object whose mass is 
between f and 800$rems (g} and 
whose mass can be determi ned 
by using no Hiore than 3 stan 
dard masses fr*om theset |tg. 
2g.2g. 5g, lOg. ldg, 20g, SOg. 
ICOg, 200g, SpOgJ, the student 
utes a balance to detarmine the 
object's mass a^nd records his 
answvr using the unit gram fg). 

« Ltgrtnot 



j: 



The student identifies tf>e 
freezing and boiling points of 

-wajer on the_Celslus sca^e.. 

. - - _l.*or>noe_ 



Given a graduated cylinder 
marked in mitiirneiers and any 
specified container filled with 
water,^the'student determines 
the volume to the nearest 
milliliter of that container by 
pouring the water into the 
graduated cylinder and lecords 
his answer using the unit 
. mllinUeXml). Ltgrangt 



The student uses a thermometer 
vrtth a Celsius scale to* nneasure - ! 
the temperature 6! a given 
substance to the nearest degree, 
and records his answer using the \ 
unit degrees Celsius (^CK Lcor«no« 



Level B 




The student describes ajvd compel efl he 
physica1j>rbpertles of rnatterin the_soHd,liquid, 
and gaseous states.*> . Curie (phyiicti st*t*«) 



The studtnt states that when sugar is dissolved In 
vs«ter_- there i$ no change fn total mass but there is ' 
a change in total volume; Cutl** 



^The, student uses in equal arm balance to showthal 
all three states of inatter (sdlfd. NquTd, gas) have 
mass. - curii 



The student describes his measurements 
of mass and force uiihg the term* "mass 
-unit" and ^'fo'ce unit " Hoofct (forcts) 



Chari'l3eoritinued or>/)ext page, i 
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Chart l3f:(Cdnt!d). 



bevel B 



The ftudcnt m«stuftt (nd ^ 
rjKordt d«t* which he uie$ 1o 
construct,* b«ror»ph. Th© 
studtnt aniwfri qutitloni r*'^ 
qufrlng anafyiii o( b^r grsph^. 



1>)e studsnt uses his knowledot 
0? force fei»lIon»hips to dett >. 
mine the retativt force r)eed<Kl 
to.biil«n<v the force oh the 
opposite ond of «n.unequaT^ 
arm balance. Hook* 



The studetit uses ar^equat arm 
~ balance to determine the mass 
of an object irt-'nws uni«" - 
(an arbitrary standard with a- 
ouss of j6g) cxj records his 
measurtrrient rncliiding the 
unit "fnass unli»" '' Hook.e_ 



The student uses a seesaw to 
compare the forces exerted by 
twoobj^tu Hoofcit ^ 



T 



The student uses an c<qua! arm 
b^la ne'e t o cornpare th e ma ss es ^ 
0? two objects. " ^><oo«<» 



Tho student states^ Jrvhis owo words^ 
Hooke's Law. Hookt 



X 



The student makes a bar graph showing 
the functional relatloni^ilp between fength 
of a spring and amburft of force exerted 
on It"; fills in missing observation pj at^ 
least four observstTons of variation fn 
fength of a spring unc^er varying amounts 
of stress and identifies a bar graph that 
tllustUteStHookV't Lawb^ t^obke 



The student uses a s^nTig scale to deters 
mine the force exerted by an object to ' 
the nearest force onTt (354 ounces. ?00g) 
and records his answer using the unit- 
"forceynit/' ^^9^* 



The student states that forces have 
different ma^nitudes^ arejiirec* 
tronal and act in pairs; thatiprces-, 
cannot be M^en but may be felt; 
ar^d that an object at rest does not 
start to rnove when two forces of" 
equal magnitude are exerted on 
it ir^ opposite directions. 



n next page. 
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Chart-13 (Gpnt'd) 



' Tht itudtnt rtipondK to 

iquntioni which r»qu!rt hTm ^ 
to int*rprtt~th«^mM<urtm»nti i 

;on hii tMr griiph,. ' " k 
f ^ Surb«oit (cltMlfylog) 



-Th9 itud«nt Indicates the * 
(Erection in v^Ich an object ef 
reit will itert to move when 
two unequal fbrceiVri gxeVttd 
on it et an anc^e of 180 . Hook* 



The itudent rheaiurec the - 
-growth of • been seedCrng ovir 
-time and records h{i fneatura^ 
manttfn the form of a bar 
graph. Surtank* 



Level A 



The Itudent states that time 
^n'be measured by recurring ^ . 
eytnts or how long It takes 
. from th« time aomething' 
beglni untUlt ftops. Mtchattonf 



: The tr^^n\ ttm a mechanical ' 
^ timer, to compsre the duration 
oltn event with the time 
Intervtl^eesured byjhe timer» 
„ >Mteh»lton ^ 



The student draws arrows to 
indicate the relative sizes- 
(magnitudes) and directions 
of specifitd forces. Hooke 



The student describes his bbservitions arvd 
experiervces m Level A using appropriate comparative 
radjectives and units of measure fcr*langth, volume 
and temperature^ 



The student states thaVwords 
such es."longest*'and. 
"shortest" are /ibt adequate to 
<^rlb« an object's length and- 
itandard units of measurement^ 
(length) ara useful and/or 
.necessary jnd explains why In 
eedi caee. . . Mlehetton 



The student states that an Inch 
brf one rulerji equal to an ipch 
on any other Jlevice for- 
mtaeuringTartgth. Mfehatton 



T^e student slates th^t tha 
volume of e container will t>e 
the same no matter what utiy 
stance is used to measure the 
volume. Mlchalton 



student makes end records - 
.«ucc«;i?ye temperature measure' 

irrtents of a system in which the ' 
ttampertture is changing. 
- ~ ' - - MIehalson 



The student states that the 
volurne of a'container is a; 
measure of how much the 
' con tai ner h 0 Ids . MIc hai so n 



The student determlfMs wilh en 
accurwy 6( 11 inch the linear 
dimension of an object or a 
^picture using a primary ruter 
- calibrated in'iriches and racords 
his aniwer including ihe^ 
measurlrig unit. Mieh*)ton - 



The student .determines (with ah 
accuracy of ±10 degrees fahren. 
:hait) and records'the temperaiure 
of a specified substance or piKe 
using a f^ahrenheit thermometer. 
» - . - MleritUon 



Tha student daterm met the' ' ^ 
„volume of a'container (12 
'Ounces or less) using an arbi* 
.trary unit of 'volume end 
^records his enswer using the 

mea suVIng u n i rou nc e. M Ic h • l«b n 



-The student stalest An object's Jengih h longer 
than Its widih. Simpson (rort/ng) 



Given two containers of 
idifferent volurnes, the student 
.Identifies the container of 
.greaier volume or the con tainer 

of fessef volume. Mleh«Uon 




""i Chart 13 conlinued on next 



page. 



Chart 13l(G6nt?d) 



UvelA 



Gfvfn four obftcts of th« same ihspt. difftring jo -* 
width tnd knQXhi tht ittfdent dwcribe* thi wtdtit #^ 
•nd nsrrowvft uiing the Ufmi--Wdt$t"-.»nd 
"iMif(>vye»V-\dfscVitm theloogiit *^^^^^ uimfl . 

tfie ttfmi 'longtit" ind "ihortH*" and ordtrt 
tht object* by UnflthandvWdth.b Sfmpion 



Given foorobjects of tho^ierne ihepe differing in 
hclsht end width; the itudeot (kKribe* the tellMt and 
thoftett'oblectl ialng the'teriM "telleit" and 



"iho»t»$t" end'orders by height. 



SImptoo 



Gtven thrw di fie rent i1zed objectiof the wme shape 
and of efther the «me color or different colors, the 
student describes the objects using the terms 'largest" 
"i molest"' end "medtum-siied" and orders by size-P 
" Simpson 



Prerequiiltes: 



Softin^on ihape, coto'f sndidentlfying color and- 



*objectiyt added to developers' objectives 
^developers' objecttve reworded of two or mo'e combined 



7,: 




; Cur/iculum Analysts of I ndivtduilized Science: Jllustrative Hierarchy of Science Con cepts Subgoal L-2- 

Concep.t of^Energy- 



Tht ilu^tht kquirt I «n unctentandfhg of th« 
conctpfof energy. 



^Tbt itud«nt tcqUrM an undtntanding 
of hOMtnff0y.il uitd by thtbody^^ 
. . a»»umont (dlpttlon) Volt (nutrition) 



,1 ' Thf itud«nt 9cqulr« «n underiunding I 



! The itudent icquirei in underitsndmg 
Y of energy convtriioni^* ^ JouU 



Level E 



;Tht itudtnt iutM that tht only ctrttin «vay to > ~ " 
dtttrmint which orit of t pair of ir>dividu»lt hai 
tht grttttf calont rtquirtmtnts » by mtaiurtmtnt. 

: . - ■ - voft 



Tht itudtnt fndictttt thtt 
approximtttly tht Umt numbtf' 
of calorin \\ rt(t*s«d yvhen t 
nu tritnt ii oxidiztd in a caloct^ 
mtttr at whtn th« mttabolitt - 
from that nutrltrit inttrKti 
with oxygthin tctll. Volt 



GIvtn « dttcrlption of « iltuatico- 
iwhtft ONygtn and anothtr 
chemical lubttanct Interact^ the 
itudcnt diitinguiihts among iht-^ 
procMttt of bumfng, rtipiritfon 
:and oxidatjon by itltctlr>9'the 
term Of ttcmi that car) bt. 
corrtctW applied: Volt 



The student |nd{c«tM whfch tVPe of Individual Ir) 
' each of.te>^rargiyen ptiri might be expected to uie 
tht greattrnumber of Cdlbrleifn a dey.^ Volt 



The itudetit itatei that energy re leaiedtJu ring cellular 
te>pIr«tfoh ii uied by the body to keep the body_. > 
warm/ to move the pern of the body and for cellular 
.growth and repltcementr eeeumo~nt = 



J" 



X 



The itudent demonitratet the proceti of 
diffuiton by ihowtng that certain mole* 

- cules move acroti a thin, plaitic mem^ 
brant from en arM of grtattr conctntrt- 
tion to an area of letter concentration. 

-- . V, Beaumont 



IE 



1 



The itudent detcnbei the procett of 
ceHuUr retpiri tion and irvdlcatet^hat 
enzymet take part in the chemical In- 
terktioni of celiutar retpiratl6<).^ 
- . ,'~Beaumbnt 



The itudtf^t ideritifiet the 
liver ti arf important lubtyttem 
of tha body and dttcnbet two 
digettlvt and metabolic func- 
tioniof the livw,** 



!L 



The ituderit namet any thrfe 
digettivt tniymet;identifiei the 
digettive tubtUnce cf which each 
enzyme it e cbmpoftent, detcribei 
tht chemical In ttf action In which - 
Mch enzyme taketpert, end 
indicatei^the'tubiyitem of the^ 
digettivt lyitem where the - 
interaction ttket pface 'talivary 
•mylfn, pepifn. Ilpate, trypiin, . 
pancreatic emylate)»bi Beaumont 



fThe itudent -ntmtt two or more*" 
jcomponentt of drgettlveluicei 
Kn thfirTTatl intMtlne. rurntt' 
their litiM of pfoduc tton i r>d = 
Idetcribei the function of each 
tcomponeht^ (bile; pancrtat ic 
ll'uict and inttttinal {uice).''>-8 . 

0*eumont: 



The itudant detcribtt gMtric. ' 
juTce ai a mi x t ur e o f c h tmlcai ; 
lubttencf i-includmg eniymet« \ 
hydr<xhlbflc 8cld;«nd a large 
•mount of water, , -Beiumont 



3: 



Chart 14 continued on next page. 



The Itudent detcribei tht^ 
ttquenct pt^Phyiical chtngei- 

- th et food u ndergbei ai it ^ 
movti th r6u(^:eech lubtyttem 
b f t he di gtttivt ty item, ' B 
- ----- - >^ " B eeumont . 

" 1^ ' 



75 



Chart l:4-(G6ht'd) 



Level E 



Th* student tim a char i oi 
Recommended Daily Allowancci 
for a nutrient to answer qum*^ 
-tions on Recommended DaHy 
Allpvvence iQf boys or gtrls of 
a givjBn n>a»( 



.The student defines the 
Recommended Daily Aftowance 
of a outfient as that arndunt of" 
the nutrient needed each day to 
fceep the body healthy and 
tndicaies that nutrjenis from alt 
five nutrient Qroups are necessary 
for majniainrng good health^'' Volt 



.The student use« a simpfified 
nutrition chart to ansvver t{ues> 
iions about the location of foods 
on the chart, arnounts of nutfi* 
ents iri a given fq6d« lo compare 
nutrient content of foods, lo 
calculate tht total nutrient con^ 
lent of a meal^to Identify the ' 
best source of a nutrient, or to 
identifyJoods that cohtain equ^ 
yaieni amounts of a giver) 
nuttjeni.'' Volt 



1 



The student uses a chart to 
determine his daily.calorte 
requ>ement. Volt 



The student indicate» that a 
given mass of fat releases fnore 
energy when interacting with 
oxygen tharian ecjuiyajeni 
mass of either proteins 6r 
carbohydrates* Voit 



The student identifies the food- 
calorie as ihe'siendard unit used" 
to rneajure the energy content 
" of foods end indicates that^ 
food calorie is the same as a 
httocalorie. Volt 







The student descritfes o;ne or 
mora functions of arnlno^cid 
.and of water in the bpdy^snd 
the function of a specific 
mineraland aVoecificviiamm 
in the body. volt 



The student identifies simple 
sugprs, fetty acids, and glycerol 
as the metabolites that/nteract 
in the process of respiration In 
the^body'j cells to release 
energy. Volt 



The.student demonstrates, 
with 8 physical analogue how the^ 
lengthy folds and villi of the 
small intestine facilitate the 
absorption of mstabolites into 
the blood. 'Qeaumont*- 



The student describes the route 
by which metabolites reach the 
body celtJ. from the small 
intestine. Beaumont 



The studfnt describes the. 
functions of amino acids 

* BVaumoni 



IT 





> 


The student explains why foods - 
rich in carbohydrzie of fat are 
called "energy foods '* VoU 



The student describes two or 
more utes of energy in the 
bodv> Volt 



The student describes the 
sequeiKe of changes undergone 
by starches and proteins as they 
change from starch m'otecolei to 
simple sugars and from ptotem 
molecules to amino acid mole 
cules and locates eacK change in 
the subsystem of the drgesiive 
system where it takes place 
She/he describes the ch'emTcal 
chsriges that double tugars and ^ 
fats undergoes they are changed 
to simple sugars and fatty acids 
and gycerol reVpec lively and 
locates the change m the small 
tniesiine.^ _ B»«umont ._ 



The student distinguishes 
between physical arid chemical 
changes, Seaumbnt 



J 



The student identifies the five subsystems 
of the digestive sy stem; ideotifir; the 
s'ubivsiertis of the mouth and the ^ 
digestive functions of each; tjnd demon* 
itrates with a physical analogue how food 
iS moved by muscle contractions dionp 
the. esophagus/' o«a>im6nt 



The student identifies metab 
oliies as the simpte chemical 
substances that are the en& 
products of digestion in the 
small intestine and thdt interact 
in iHe^ells of the body to , 
release energy and supply 
mate/ials for the growth and 
replacement of c«lls and the 
building of new cells Baaumont 



The student mdicaies^that a- 
s;>ecifjc enzyme is" reeded to 
increase the rate of every 
cherhicai mterastion in 
digestion^ jQaaumqnt 



•Chart 114 (Cont'd).: 



thk nudtht stvts two or more 
ttUmplH of t (pacific nutrient 
-tftatrnuitbebfoktndown Into 
mttaboiitn btfort tht body 
c«n uf It; . Volt 



Th9 itudtnt riames the- five 
ntitrledt groups and ideniifMS' 
each group on the baits of iti 
chemicalictsarscterlitics or iti 
me In the body. Volt 



Level E 



-The student hemes each of the- ^ 
metabolites that result frorn the . 
diaestion of eech of three groups 
of nutrients, simple sugars from 
carbohydrates, fatty acids and 
glycerol from fats.emino acids 
frorh proteins: Volt 



The student identifies sterches, 
double sugars, fats and proteins 
as kinds of chemical substanbes 
found in food that are digested^ 
by the body. ^ Beeumont 



The student identifies eniymes' . 
in the digestive system as chem* ' 
icat s ubstan ces that are produced 
by, glands; that interact witK 
proteins, sugar's; starches, fats: ^ 
and that increase the r«te of- 
digestion of proteins, sugars, fats, 
starches wthout themielvei.' 
b«ing changed in the ThterVction; 

--=^:,_-B>eumont- 



Given e list of^chemtcal subetances that are nutrjents, '■ 
nrtetsbO|lites, or both nutritnts and metabolites, the 
studtrit class If ieseach substance. Volt 



3- 



r4- 



The student dtfinn nutrients- 
as the chemical substances in 
fo^ that are ijsed by the body 
-for growth, repair of body 
tissue and enargy. Volt J 



Si 



The.student definn rrtetabolltes 
as the simple chemical substances 
that result from the digeiticf of 
certain nutrients in^food t 'i 
some Instances, ere prrsi 
food), that InUract in \ . .}ls ' 
of the body to release energy 
and t^a^are the building blocks . 
of cells, tissues and various 
chemical substances In the body. ' 

Volt 



The student defines digestion as the 
process th|i breaks down chemical 
substances in food into simpiff chem- 
ical substances, wtiich can be uttliied 
by the body for energy releaaa^for 
] the growth end repair. o f tiiiuai - 
a nd f or th e growth and replace* 
rnenl of cells; Seeumont 



Leytl D continued on next t 




<Chart 14 Level E continued dn next page.) 

77 



Ghftrt 



l4>(Gont!d) 



Tht itwdf ht tcquVnf an uh(J«r»t«ndio(| of th«_ 
concept of tntrgy. 



I Thtriu^nt»cquirManur>d«f«t»ndin9_ 
I of how •ntt(Y 11 uMd bv tht body .'^ _ | 

I -. » -.V/^ Z^'" BMumont/ Volt 



Tht itudfflt tcqoUn an uhdtntandin9. 
of difff rtnt kfncH of t ntrgy.* JouU 



Tht studeqt >cquirn on undfritandmg 
of energv convtriloni. JouU. 



00 



Level E 



Tht itudtnt writts • thort tfity oh what 
hii lift would bt Hkt wlth^t tht lun't 
tntrgy, ^ Joul» 



Tht itudtht idthtifitt tht following r 

facti about tntrgy f rom tht lun; kttpi ' 
; all tht wattr in tht octtnt from frttzing, - 
'- flukts tht wind blow. It itortd in pttro> 

(turn and coal ;U con vtrttd Into lugir* 
-and itarchM by grttn plants, movti wattr; 

from ptac« to plact on tht aarth'i lurfaci; 

tht stud^t ttttt« that tht tun li tht tarth'i 
' moft Important loufct of tntrgy.*/- J oult 



Tht itudtnt id«ntifitt tht magnttudt of tht 
fofct txtrttd and tht dtitanct an object li 
iifttd ai tht two factori that dtttrmine tht 
amount of work dont on an object. Jouit . 



I 



Given a dttcrlptloh (writttn and Illuitrattdl 
of tht htlghti of itvtrti objtctt of equal or: 
different mautt, the student sttecti tht 
objects that can do the most* tht ttast. or- 
equal work when dropped, and/or which 
have the most.'the least, or equal 
gravitational en«rgy. , . Joule' 



Given a dtecrlptloh (written orJItustrated) 
of a situation where two or more objects 
of unequal mass We lUttd equal distances 
er^ one whtrt two or mort obftcts uf tqual 
mtst Art Iifttd unequal distancts/tht student 
idtntlfiteiht object ori which rnort work 



Tht student writes a short essay on how 
. his lift would be different if all the coel 
and petroleum oh earth were used up.JoMli 



The studeht explains, using the words 
"fuel" end "energy" in context, why e 
candle goes out when the wax is used up. 

^ _ Joule - 



j: 



Given a description (written and illustrated) 
of a situation where severel entrgy<onvtrtIng 
systems have different amounts of fuei/the 
student Identifies the systtm which ctn 
rtleast the greatest amount of energy and 
orders tht systems according to th^ir 
capacity for releasing energy., , Joule . 



Tht student distinguishes between'the ~ 
cohctpt of temperature and the concept 
of heat tntrgy and statts that ttmperaturt 
Is rntMurtd in degrees Celsius and that 
heh energy Is meesured ih kilocalories. Joule 



Given deu oh e umple of weter of mess 
m (In kllogrtms) at ttmperaturt t/and 
told that haaf energy Is added until the 
temperature is et tj, the student determines 
.the quantity of heat ehergy (ih kilocalorles). 
eddtd to tht sample, ' # Joule 



Given a description (wrltteh and illustrated) 
of a temperature change In a beaker of 
water ,'the student calculates the change In' 
temperature jn degrees Celsius. ~ Joule} 



1 



Given descriptions (mitten and illustrated) 
of two water umples of equti mess In 
which there are un'equai incrtaiet in tpmper^ 
ature and of two samples of unequal mess 
In which there are equal! rKretses in / 
temperature, the student Identifies the^. 
sample to^Ich moreiieet was added. 

Joule 



The student Identifies a fuel^as a chtmfcal 
substance that Interects with oxygen to^ 
rtltate stored energ/, ' Joule 



7h 



T 



The student identifies the source of^ 
ehergy for a familiar system (anlmaT, 
plant, car, electric appliance) and describes 
lomtof the energy cohvtrsiohs that take - 
ptAMln Mch tysttm. ^ Joula 



'\Ch»rt .l4 (Contfd) 



Givtn Mwral IHuttrattd titu«trdnt« iomt 
-of ¥U)ich dtpkt work btingdont »nd- 
tofnt of wtiich'do not. •nd oivt n >ever«l 
IMirttrMfd lltoitlom, ion>« of which 
dtpict • f orcf fxtrtfd and tofnt of vvhtch 
do not/tht ttud«nt Mtnulm thoft pfcturtt 
In whkh wofk Ii b«]ng don* and • forc# 
It btlnfl txtrttd rttptctivtly.- Joult 



Th9 ttudent uttt obitrvatfons of ehangiet 
In • ivittm a« tvidtnet that tnergy hai 
bMnadd«d to tha tyttam or that ananefgy 
.convtrsion has takanptacain the tyttem, 
andldtntifitt tha form of tha tnarcy ^ 
addad or cortvvrtad « kiitatic, i ound. 
tiactrkal Of chamlcal tnerQi>. Joula 



1 



Ltvei E 



' Tha Kudant {dantUiat tht . 
anafjrv itofad In a ttratchad 
rubbar band or \(\$ comprattad 
or ttratchad tpring at atastic 
' enargy and axplalns.that to ttora 
-alattic an^rgy in a rubber band 
or a ipring ha must axart forca 
; oh and ttratch tha rubbar band : 
; or_ ttra^h or com prata tha:" 



Tha ttudant attociatat klnajifc 
.anargy wfth thingt that ara 
moving. jouU 



vTha ttudent ^vct axampla« from 
hit own axparlanca of haat 
energy and Ifght energy changihff : 
a tyttam. • Joula 



Tha ttudant namet three Whdt of ttorad 
:energyi chemfciJ, efeitic, gravitational, 
" • ^- , - - Joule ^ 




ThattudentidantJfjat heet, light, tout / 
electrical; kinetic and chemical entrgy ji, 
'tome formt of energy^ Joule 








Given teveral pkturei the ttudant 
Uentlffei ob^ectt that have gravftattonal 

.Joule ' 

1 - 







Tha thident idaritiflat the following attribute! of 
energy^ energy can change thrngi; enargy added to 
a tyttam changet the tyttam; energy hat different 
f ormt; energy can be converted from one form to 
another, - - - - - 



.tevel 0 continued on next peg* * 



Chart t4 continued on next page. 




Chart 14 (Cont^d): 



-Level D 



. '- - - I , : ^ 

ln,Ltvel 0 the itudent h introduced to the concept o< 
entrgy bv,ob»ef>nng the inte'actforvof oxygtn vvlth 
chemicai subitsnces^nder dtlfering conditions, an inter- 
•ction which produces carbon dioxide end water vapor 
»nd ritease* energy.* _ _ i.»voW«r (burning) 
"H«4d«n« lbr««thln9)'^6«UO^Utom« and mottcuitt) 



T 



tht student indicates three. ways in which the 
prbceues of burning and respirdtioi^ are sTmilarjand- 
at least ofie way In which thty art diKerent. Kaldan*- 



_o 

O- 




;W)en asked to give ag explanation of the process of 
respiration (or to Set^t thtbeit'explinatron from 
lamongjihree or rnorV suggested txpra(vtfons);tKe 
^student statin for selects the on« sugoestedexplana' 
-tlon V»ich stales) that during the process of ' 
respfratron oxygen Interacts with chemicarsubstances- 
fromithe foodan animai eats and. that energy (heat' 
and motion) Is released »nd carbon dioxide and ^ter 
art produced, Haldant 



Ttie student writes an equation descn'bTng the 
process of respiration, H«!dan« 



The student applies ir> a novel SiituatTori the concept' 
that animals consume oxygen and produce carb^ 
droxide and wnter vapor^ H«ldji'n« 



Jht student applies fn a novel situation the concept- 
that oxygen is PKessary to'maihtain animal ^ife. HaTd«n« 



ThtfS!udent demonstrates his comprehension of the 
chemicat symbols for nitrogen ~{^s, 0} lor oxygen 
gas, and Cpi_for/carbon dioxide gas by,transtating 
expressions in words to the corresponding expressions 
ih^hemlca! symbols. * Haldant 



Chart 14 continued on next page*- 



Chart^H (Cont'd) 



VVhfn Mktd to txi^fMni wh«t h«pp«rii whin 
_• lununoi burni (w.to »t[tct tbi btit 
•xpiin«tion from •mong thr»« or mort 
lUMHtfd ixpUn«tibni), tht ituJtfTt ititt* 
(of ••iKtt tlit on* suMtftfd txpftnstion 
y^ich itatM) th»t Mhtn • lubitane* bgrni 
it IntfrMcti with oxyjikh thd it r»l»«m 
•^•[fly. ' -L«voUJ«r 



Givtn • hit ol wriout lubtunctt and 
- Wl(#d to >«t»ct'jrorn tt»t irit thOM 
iUfK«> »lch wt forfT>td tOitn • fuel^ 
rt^tMM totrflV, tht ituctint MiKtt both 
"Mftoo dioVKj«'-»nd •\vtt»r v»por," 



Givtn a lilt of vtrious lubitirvctf and 
M ktd to MfiCt f rom tht lilt tht bht » 
Mbittnct Mhich Ii nttdtd for a f uti to 
*ftlttit iti tntrgy, tht itudtnt itttcti 
"oxygtn." Ut^oWtr 



Givtn • lilt of vtf low lubctiiy^ tnS- 
••ktd toitftct •[! tht Ifittd lubctancti 
which trt f (jtli, tht itudtnt ttftcti ai ~ 
many of tht following as irt on tht lliti 
hay, wgar,^ wood, ilcohol. LtvoItJtr 



G*yto thrtt otmora lugeMttd dtflnltioni ^ 
' t,yi Mktdto itiact tht ot a Dt«t dtfinltlon 
of tht word "futli,"iht itudtnt MiKts 
tht dtfinition: "lubitarKtf tfat Ihttraat 
^with oxygtn to ralttittntfp//' LtvoHltr 



Givtfl a lilt of vartout lubfUnctt and ' 
« various klndi of antrgy irt^ t«ktd to 
witct all tht liittd kinds of tntrgy, tht. 
itudtnt ttltcti a« many of tha follovving. 
t« art on tht Hit; httt, light," lounoV ' 



31 



Givtn aliit of variout lubitancts and 
Mktd to itltct from tht l«it tht ont 
Jubttanot vwhich is nitdtd for wax to. 
burn, tht itudtnt sciecti "oxygtn^" 



Chart 14 



"n^t Itudtnt idtntif iei on* difference 
'iHtwttn phyiicai and chtmlcal chongtii 

in physical changti, arr^ngtmenVi o' 
ihblecultf art ilttrtd. but in ch«mkal 

changts, tht moitcults that mikt up a 

substanct art tittrtd; Lavoisitr 

Given tquttFons that uit chtmicai lyrnboii 
_ and that rtprtstnt tithtr phyiTcal 6/ * 
chemical changes, tht iludent idtntifiei 
those tquetibni thtt art itattmenti of 
physical changn and thost that art 
. itatemtnts of chtm]carchangts,^^L*voi|itr - 



The Itudtnt usts tht conctpt that tht - 
' n»o(tcults which makt up matter move 
faiter vvhtn halt Ti added to the rnattir 
to explain txarhplts of tvtporauon, 

malting, diiwMng, or lublimatibn. 

- — -.1 . — LtvoUtof 

] Gtvtn ttve itattmtnt thet htat^'^dnufltr 
makes tht moltcults which mak't up 
matttr /nova faittr, tht Itudtnt gives 
tvidenct f rom htr own t xptrlehct to 

] support this Itattmtnt. ' V«vo)sl«r 



Gvtn a phtnomtnon (conctrhingaither 
tvaporatlon, dissolving. Of sublimation) 
thit can bt txplalhtd by tht conctot 
lhat tha molacults (atomsrwhich mika 
mp mattir art in constant rnotion, tha 
itiident usee this conetpt to txpia^n tha, t 
phtnomtnon. ' Lt^oUler 

.Givth a phtnonitnort that can bt txpiiintd 
: by tht conetpt thtt matter it made up of ' 
vvtrytiny par ttclee called moltculw'that 

I - ara too smal I to bt tatn i van wi th t 
microecop*, tha studtnt usts thli conetpt 
rj •xpliin thtphenorntnoo. Ltvotiler^ 



Chart 14 (GonVd) 



level C 



Ctvf n t lilt of «vords d^fibing vtffoui- 
kJndt of thtfSY tnd ••ktd to Mltct ff on\ 
-thf list tht ttAfO MrnH of tntfgy r tlf 
- from tNi burning of Max ind the- 
burning of tfcohoi, thf itucknt Mtvcti 
both "h««t"»nd -light." ~^ Ltvohltr 



: Witn Mktd Mtuit product! .th«ch«ngtt 
Fn ttvt pKyilcil ttatt o' thf wax InTf - ~ 
burning c«n<]it from solid wax icjiquld 
vMx and from liquid «nmx to gM/^out wax, 

> tht itudtnt ttattt or writtt thatU it 
baaii ^ - iLivoliWr 



T 



o 



>Tht studant U Introductd to.the concapt of anargv^ 
at Ltyal C by conifdaflng haat In chamicaf lyitemi 
and Idtntifying changes that taka plKt by tha 
additfon Of rarriovat of heat«^ Black (chamtcat iviiami) 



'obiecttva added to davajopart' obtee^va 

^'objacuva abb*a\rtated^o» t*vo_or inora 
obitctivat combtnad 



8; 



Cyrf iCUlum Analysis Qf Individualized Scjence^ f»u » tr4t.Ve WiiMrc^i, Sri#n/* r^f^^Stih^ 
\ System Conc^pt s^ " * ~ ' 



The iiudeot ufvdwitatyK the cc<Ktot of Jv«em$ * 



C.v^n a dMCfiptjort ^vvTiiicn and »rru$if*ttd) of » 
»[to«t}cm wfiere wveul ef>efg/<oovef una lyitemi 

P'^^JSPW ^mojjnu of fuel, ihe iiwdeni idenjiJtet 
tht $v»iem wftkh cao rtleaie ihe gfesietf dmoum 
of energy *nd ordef i ttie iV«tem» »ccofdrft5 lo iheif 
cyjcity fof relejtmg energy. jogi. (.n;fgy. 



The llodeni identifies two optnore of ihe foOomng 
formj of ifrterg/ fel««ed mnrituUi r'eiOiftiton ' 
iitii tnti^t mrgy f w '^ng the p«rtt of the 
body* ertergy forJbulidingproieint uiiiwedfor 
ceHufdrgroAilhand rep}acementi««umont<d{«*iiton 



The student deMrtbet the 
'•nergy coov«fi76nj in 
v*fiWf lymW; a lighttjulb 
(eitcirtcal energy- to he>i 
•wgyiandJJght energy^, 
a wbod-oxyjen «vjitm 
fchtmtcai *!^rgY to h jt 
energ/ jod fig^t energy). 
» boy dbtngwork fcherf>- 
fctl ener^ lo klnttis 
fncrgy). Joui« 
t 



The itodent identifiti the 
source of energy for • 
fiirniUtr tyitem and 
de>cnbe< tome of the 
energy conyertioni that 
fake piKe m each lyntm 
- - Joule 



The itudentdetcribei 
the proem of Cellufar 
reipir*t?0A end indtcixn 
the enilogy between thir 
proceii »n(^|he process 
of burning, 8«aumbnt 



The jiudent descrtbet one t 
(M more fur>tt«oni ol 
ermno acid* m the body 
vp»« inytrtUDoi 



Th« «odenf dwcribei the 
*unctt0fT of s spectfic 
'»^»nerjiJ m the body yoit 



The student detcnbes the 
function of a spectftc 
vjt*mii mjhebody. voii 



The student dewibw one 
Of nor* fgncitonf of 
water m the body, Voli 



The iiudeni usei obterv^tionis of tpecif/c 
changes in a systern as evidence that ene gy 
hes been idded to the system, or that iT% 
energy conyfision has taken i>tace m the 
syTtem^ and idenlifiei the fcwm of the 
energ-/ added or converted as kmeuc^ soun(X 
electrrcal or chemical energy? j<>gfe 



Lever E 



ERIC 



The student grvet ty<amples 
-from h»s own experience 
of heat energy and light 
e'oergy c^aofl^nga 
system. joyle 



T)ie itudenl ideTftiffet the /oKowJng 
.attributes of eoergy. energy can change 
*thjn(p| energy added to a system changes 

the system; energy has^different fofms, 
'energy can be convened from one fdrm 

to another form. jbul* 



" s student identtf^es the itwr as an 
pmportani subsystem of the body, and 
describes two or more ot th? digestive 
and metabolic furrctions of the hver ^ 
BweuTlflftl 



T 



Theitudtni identifies Simple sugarr la«y 
acj A, and glycerol as the metaboM^j that 
mteract m the process of respiratJO/^ m the 
body** celfs »o release energy, - vo»i 







1 1 


The student name* two ot 
more components of 
digestive Juice m the imail 
inteitine, names iheirsites 
of production and describes 
the fuf^tibnof each 
compon^^nt^ eieumont 


The student namesanV 
three digestive e'nrymes 
(salivary amylase, rwin, , 
hpate, tryxrn panl «tic 
amylase). ^ „fies tne 
digestive i » Mt of 
wfsich each eniymf ts a 
component; describes the 
chemical ^teraciion in 
'^jch eacheniymc tikes 
part and indicates the 
subsystem of the digestive 
system w^ere the interaction 
takes place. 8eiumont 


The itudeni describes 
gastric jurce as a mixture 
of chemical subsiences, 
iocju<<mg <nrymes;HvdfO- 
chloftc acid^arids large 
v^'Ount of yvater 8Mumont 















Chan IScontmuedon nextpago. 
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The student names each 
of themetabolMes that 
result from the digestioh 
of each oi thiee groups of 
nutrients ijmpfe sugars 

Ti carbohydrates; fatt/ 
acids and glycerot from 
fatf.ammo^cids fronrj 
protein* Voh 



— i ■ 

.J 



Chart 15 (Cont^d) 



Tfte Jiodent de*'" ibe» the 
i*qutnce of phy«*cal 
cHangei th«t food und«r 
Qoe* ** %i movrrthrou^ 
taicti $ubfytterrM)f the 
<figett>ve system 

B*aun>ont 


The stuaent describes th* 
sfqupnce cKemicdi 
changes that starches 
undtrgo »s they are changed 
ffom starch mo<ecvte$ to i 
moiecutes of stmpie sugar*, 
and locates each change m 
the subsystem of t^e 
d.g«iive •yjtem yvhe/e .i 
taVeVpface B««umont 


The student deicnbcs the 
sequence of chemjcal 
whanges that proteins 
undergoes they are chan^ 
frompioiein moiKutes lo 
mottcutes of airmo acids, 
^nfH^aies each change m 
the subsystem of the 
digestive systern ^ttete it 
taVe$ place O»«umont 


The student describes the 
chemical\hange that 
.double Sugars undergo as 
they aVe *.hanged from 
doubft! sugarmolecules to 
niotectilevof j^impJe sugars, 
and locotes the change^n 
4he smalt intestine 


The student describes the 
chemrcal change that fats 
underg6 as they are changed 
fronifat molecutes to 
mbi^tiies of fatty acjds 
anu gtycerb), and locates 
the change tn the small 
intes'me^ B««umont 














1 I 





The student names the ffve nutneot 
groups (carbohydrates^ fats, proteins, 
(T 'nerajs. vitaminsl and identifies each 
group on thebasis of eitt^er its chemical 
character! St tcs or its use iri tirveJbodY.voit 



The student gives xwo or 
more examples of a specific 
nutrient that must be_ 
broken down into metab 
olitcs before the bod/cact 
use u ^ Volt 



tevet E 



< - 



er|c- 



The student identifies t^ie d^gestlv^f ur«t(ons of 
each subsystem of the moutf<-. Beaumont 



1 



The student tdentjiies the mouth, 
esophagus, stomachy small ihtes^ 
ttne, and targe intesline as five 
subsystems of thcdtgestive 
system, 6*Jutpont 



j,The student identifies the tongue. 
L^e teeth, and the saliWry ^ands 
as sutHystems of the mouth 

Bt^umont 



The student defines nutrients [ 
as chemical substances in food 
that are usepby the body for 
grov^th, repair of body tissue, 
and energy. - Volt 



The student defines qftatabolites 
as the simple chemical subs'inces 
that result from the diqettipi^ of 
certain nutrients in fo'od {or<rin 
sbrne instances, are present ir\ 
food); thaVmtfracjl in th"< cells 
of the body }o release energy 
and are the bUifding blocks of 
celts. ffssueSf iind varlotis chem< 
ical substances In the body, volt*. 



i 



Tb?-stodent Kfentjfjes thesubsv*tem"s involved 
tKSurrjmgand describes how they interact 



1 



The'student 'dentines the subsystems of the 
'breathing sys'tem and descnbeshow ihey interact. 



V^'hen4)sl<ed to explain Wf>at happens when a 
sutrttancebuf^f (or to select the best explaoaiiofi 
from-anrtong three or more suggested explaoationsi 
^ the student state< (or selects the one suggested 
-explanatiortvvnich stal^sl that when a suDstance 
bwrm *t interact* wtth oxygen and it releases 
energy » (.^voislAr 



! I 



S 



The student identifies the*functions of 
the following ar)it<>rT>'rca( p^rts ik.the' 
processes of breathing and iespiratibn- 
nose ar>d mouth, trachea^ bronchial tubes^ 
lungft. aivtofu blood vessels, bloody and 
celts of th« bO'fy HtldafU ^breat^ing) 



I I 



I I 
' I 



. Chart 15 (Cont'd) 



G«v*n •^liit of vtrjoui tutMjaricM •nd 
nfefb to »«'tct from th« liit tht onk' 
lubitanct vvhicfi ii ht«dec( for^f uti to 
rtltM* fti r>tf gy« th» itud«ht MSkti 
:'oVv9M," Ltvolittr 



LevfllO 



O 



Gi^n s iiit of vsrioui lubstancts and 
•iked to Miict Irom th« hit tho«« lub' 
stancn vv4itch ara 'ormfd «vhan $ fual 
rala»s«t antrgy. tha itudant taltcti both 
"carboii'dioxfda" and "wattr vtoor" 
" ^ Lsvohlar 



Gh«n ihrat or nrH>raiu99Htad daftnitions ■ 
ao<J a«k#d to itiacr tha onajowt >fhJtion 
„Qf th^^vywd "futli," tha/.tudan) mIku 
.tha dafinTtronr '"lubstafKlrVthat Intaract 
vyith oxygan to ralaasa.anargy/' ttvolilar 



a: 



^ah'atkad tonama tvw iutMta'ncai 
vvhtch ara forrnad whan wax 6' tint, tha 
itudint ititpt both "carbon d>Ox?d«" , 
»nd /Vwatff yapof/' LavoUlar' 



;Gtvan a liit of wrpous lubttancai and ' 
Mkad'to t«<act.from tha list the'ona 
tiibitanca whfeh n naadad for Wax to 
burn, tha studtnt »«)i*ct» "dxyjan." 

^ L"<vo>it»r 



Givarj if Kit of woAJi dafC^Mng varFoui 
ttlndt of afttrgy and aikad'to^ract from 
tha^lftt tha tv»o Kindt of aoargy faUtiad 
frcKiTtha burning of wax and tha tnirnlng. 
of a'cbhol, tha'ttudtnt Mlact^both 
"haat" and_ '.light, " ^ '._ i.avolilar 



^Gfvtoa lilt of tha thraa phytloiJ itatai of * 

X a nd m kad to lalac 1 1 h« i ta ta of t ha 
. burriing wax In a candta, tha ttud«nt 
^itlwtt !'gaaaoua vWx>* * LWofiJar 



: Whan at kad what produeat tha chahgai 
I In th«^hyijca« itata of tha wax In a 

burning candia from lofld w«x to liquid 
, wax and from liquid wax to gaMOut 
•,v\^x, tha ttudf nt itata« orwrlfas^that it 
^ li haat. \ . _ Lav^jiar 



Givtn a hit or a diagnm of aMtdmtcal 
paru, including tha trachaa, tha bronchial 
tDbet, the lungi. tha alvaoli. tha btobd, 
and tha calli; tha itudant indicates the 
- laquen^a In which o^^gan from tha 
atmoiphara pttias through tham. Hcidsht 



- Given a Ittt or a diagram otanstomleal 
parti; including tha trachta^ the bronchial 

- tubes, tha iur»gi, the alveoliVjhe Mood, 
' and tha calli, tha itudtnt indicates the 
\|^u<pca in which uirbon dioxide pro* 

duced in respiration paues through 
tham, - - Hifdfiha 



Given a diagram of anatomical ptrti 
iRvolvad in brear^ing^ahd ratplratlon In 
the human body, the itudant identillei 
aach part and labeli it with Its name.Haidan« 



The student indlcatai three ways in which 
the proceises of burnmg and respiration ^ 
are'iimllor; Halaan.. 



The Itudant Indicates, at feast one way^in 
which the processts of burning and 
respiration ara ditfarent. Halc!«r>« 



When asked to give an axplahatioo of the 
. process of respTratlori (or to select the best 
^explanation from among three or rno re 
suggested explanations), the student sutes 
(ortelKts tha. one sugQected explanation 
^wtiich states) that during the process of 
TespTratlon oxygan In tafKti with chemical 
substances f rorn the food an aninoal eats 
and that energy (heat and motion) ti 
^rtleeied and carbon dioxide andt water 
•f¥ produced^ HaTdane 



The itudent writes en equation describing; 
the process of respiration* HaU. t 



The student applies In a noy«l situation 
tha concept that oxygen U necessary to 
iRalnttln animal llfel Httdane 



The student appllei In a! novel iltuctlon 
^the Concept thet animali coniume oxygen, 
and produce carbon dfoxfde and water 
vap^r. ' HaJdafie " 



ERIC 



Chert IScontrnuad^rjMt P*9« 



Chart 15 (Cont'd) 



>LeVei:0 



Given an un!»be(§d drawing of « burning 
cindte and a Hit of th t pjirtf of ilbur nlog^ 
candlt-|h»*iiude"ni idtniifies th« fodovving' 
parti; -lolid wtx; liquid wax, gaieous v<rax. 
unbufntd wic^^ burned vvtck,- g'dwihg 
mck, Wue parjof liame.clear part of 
«ame,-velrow"p«t of flame; Lav6i«^ 



X 



Given a Hit of the common namet 
ttiirea more chemical subttabces v/th 
thWcorrMponding chemical names and 
nK>l«u^ar formuTa* and given a detcrip- 
It on of an fnieracirbnTnyofving theta 
chemfcal lubitancai; ih« itobtnt wrhif a 
chViiical dQwition for tKe fnteTacHon 
wing the ch^icat names or molecOIar 
formulu;. 8ftvMc»T«mjc«I lyiftmi) 



/ 



The sludeni idenilfies the formaltoh of^ 
3 g«s^ or the formabon of a precipitate, 
or a co4or change; or a change of sidte, 
or the production of heat, or the absorp 
tion cf heat as evidenr.e of interaction 
having taken piace tn a chemical system 
- ' - - auck^ 



Tne studflTit describes a p^ystcal system, 
a chemtcal system, and a bioiogicat 
«y»wm VtMitu* (' y»t«ms> 



fO^n an uriordered set of chenriical word 
equations descnbtng various intefKtions 
of Jpseph Brack's limestone cycie/the 
^Sludeni identifies an equ^i^on that 
describes me formaUqnbf qujckl»me,or 
the slaking of quicklime^^oV the prepare 
tior) of Umevvaier^ ot the fo'rmatron pi 
iimesiooe. « 8Uck 



Given an example of a chanse In stale 
bf ou^t about by the addition or 
removal of hfai; the student indicates 
that the reverse process can be effeciod by 
the removal or addition of heai siacn 



The student gives the function, names the 
subsystenn, and describes how the sub- 
systems ol the digestive; hearing^ moving, 
or breathing systems inierWt tb'carry out 
the fu tctton qf that syJtemi v«t«ltui 



After bt^ervJ hp a chemical r/stem thai 
has ^ihsnged Of after reading a description 
of a change in a chemical sy stem f the 
student describes the chans;e as either 
revefstUe or not reyers^te« Bttck 



1 



The student describes the interaction m 
a system which has some subsystems 
that are not in direct physical contact by 
^suming the existco^ of an inytsibfe 
subsystem VmcHui 



T 



1 



When asked tp cite an example of two or 
'pore systems interacting to perform a 
♦ur\ction the student names the nervous, 
muscular, and skeletal systems^ Vestliui 



I 



Thjg student arranges the subsystems of the dtgestfye, 
hearing; breathing, and moving systems In their 
functtooAt order"* , v»M\iui' 



Given a descrfptbi) of a chefnicar«ysteg>^ 
the student Identifies the subsyr^ems of'^ 
thatVstem^ Black 



Given drawings ot the names of Certain 
body pans, the student identifies this nose, 
nrfouth, trachea, ^ungs, ribs, and diaphracm 
as iljbsystems of the breathing system 
Vesailui 



T 



Given drawings or the names of certain 
body parjis. the student identifies the 
mouthy tttih, esophfjus, stonnacft small 
ihtestme^ and targe intestine as subsystems 
of the digestive systenn^ VtMtiui 



Given drawings or. the names or certafn 
bodv^ parts* |he student fderitifies t^e 
bortes. muscles, and rierves subsystems ' 
of the "mqning" system.' Vti«Mui- 




iCj 0«rt 15 continued on next page. 



'Chart 15 (ContM)* 



Givto • Ifit of hum«o body ptrti, jht student " 
idtntlfiti Mch p«rt ti • lubtyitem of tither tht 

djgtftivtrbrMthini;, hAirihg. orrmoving lytttm. 

- ^ ^ - - C.^ -^V^— Hut 



Tht ituJent Fdwtif l« tht 
function of tha^dlstitivt 
lytttfn: to changt food tKtt it 
tettn'. ' - V*Mtlui 



.Tht student Idtntiflft txMthlhg^ . 
M ont function of th« rtiplrttorv 

fyitwn. i vk'jMh 



O 



\ 



Otjjietivw tddtd to (hr/tlopiir»^.ob|r:«}w, 

"^OtifKtlvtt »W>rfvlf tid:of two Of irtOfi 
obfKti'vm combrn«d; 



3: 



Tbt it(xf«nt idf ntifitji tht ' 
function of tht n9rvti;mu«ctts, 
and bor>M wof klAg tOQtthtr : to 
.product movtmtnt Mxt motton^ 



Tht ttvid«nt Idtntifitt thor 
functJon of tht htaring tytttmi 
to pic k up tht vUxtt(oni of tht - 



ERIC 

id^liffiliffiiffTlTLiU 



Gly»o two or moft picturt* of tht itmt 
'Y«tm it cHfftrtht tlmti, or ifttr 
^ «&«mInlng'thtttfTw tYittn\it tucot 
^ jttnr»t Inttrwili, tjit itudtht IndJcfttt> 
^ ^whtthtr or not thtrt li tv{d«nct thtt tht 
> tufaymmi htvt inttr>ct9d. Vttttlui 



G(v«n thrtf pkti -tt dtpicting thj itrnt 
objtct In thrM^^Tftrtnt rt)«tlon»rvlpt, tht 
. itudtot idtntltj«r-tht pUrturtV^^ 
tht o^}tct M a tytttfn;tt)t plcturt^ 
fhowlng tht otitfct tt • tut»9*1*rn of a 
tytttm;tnd tht plctura t.'iowtng tt^ytttmt 
ofthtobitc;, " vwitilu* 



-Thtttudtnt utti tha Wm "lubiytttrn" 
In af>pro(xlatt conttxt* to datcribt apart 
ofaiytttm. VvmIIui 



GIvtn a pictura of a tytttm and p^'cturas 
of objtcts, foma of w^Ich ara tubiyitami = 
of thtjyttam and ionta of whkh tra not; 
ttw ttudtAt Idantlflat thbia bbjacti which 
art «ubcyttarm of tha syitamV VMtHu* 



-Th^ ttudtnt u«ai tha ttrm "lytttm" In 
tppropflatt coottxtt to dallmlt tht ftctort, 
Includlofl mattflaf ob^♦ct» tod tnaf jy, 
- th«t murt ba comidarad to lotva a pr oNtm 
or to carry on a f ur^ctlon^ - ' VamIIui 



\ 



